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MDTATXOWS IN lOM CBMOSOSLS 

Technical Field 

The present invention is concened with mutations in 
5 proteins having biological functions as ion channels and, 
more particularly, with such mutations where they are 
associated with diseases such as epilepsy and disorders 
associated with ion channel dysfunction including, but sot 
restricted to, hyper- or hsrpo-kalemic periodic paralysis, 

10 myotonias, malignant hyperthermia, myasthenia, cardiac 
arrhythmias, episodic ataxia, migraine, Al2±ieimer's 
disease, Parkinson's disease, schizophrenia, 

hyperekplexia, aziKiety, depression, phobic obsessive 
symptoms, neuropathic pain, inflamanatory pain, 

15 chronic /acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, l^i^erinsulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness and total colour-blindness. 

20 Background Art 

^ilepsies constitute a diverse collection of brain 
disorders that affect about 3% of the population at some 
time in their lives (Annegers, 1996) . An ^il^tic seizure 
can be defined as an episodic change in behaviour caused 

25 by the disordered firing of populations of neurons in the 
central neocvous system. This results in varying degrees of 
involuntary muscle contraction and often a loss of 
cause iousness. ^ilepsy syxxdromes have been classified 
into more than 40 distinct types based upon characteristic 

30 syinptoms, types of seizure, cause, age of onset and EEQ 
patteacns (Commissirai on Classification and Terminology of 
the International Iieague Against E^pilepsy, 1989). However 
the single feature that is commyon to all syndromes is the 
persistent increase in neuronal excitability that is both 

35 occasionally and uspredictably expressed as a seizure. 

A genetic contribution to the aetiology of epilepsy 
has been estimated to be present in approKlmately 40^ of 
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affected individuals (Gaardizier, 2000} . As epileptic 
seizures nay be the end-point of a number of molecular 
aberrations that ultimately disttirb neuronal synchrony, 
the genetic basis for epilepsy is likely to be 
5 heterogeneous, lliere are over 200 Mendelian diseases which 
include ^ilepsy as part of the phenotype. In these 
diseases, seizures are symptomatic of underlying 
neurological involvement such as disturbances in brain 
structure or f miction. In contrast, there axe also a 
10 number of ^pure'' epilepsy syndromes in which epilepsy is 
the sole manifestation in the affected individuals. These 
are termed idiopa,thic and account for over 60% of all 
epilepsy cases. 

Idiopathic epilepsies have been further divided into 
15 partial and generalized sub- types. Partial (focal or 
local) epileptic fits arise from localized cortical 
discharges, so that only certain groups of muscles are 
involved and consciousness may be retained (Sutton, 1990) . 
However, in generalized epilepsy, EE6 discharge shows no 
20 focus such that all subcortical regions of the brain are 
involved. Although the obseanration that generalized 
epilepsies are frequently inherited is understandable, the 
mec hanism by which genetic defects, presumably esspressed 
constitutively in the brain, give rise to partial seizures 
25 is less clear. 

TbB molecular genetic era has resulted in spectacular 
advances in classification, diagnosis and biological 
xinderstanding of numerous inherited neurological disorders 
including muscular dystrophies, familial neuropathies and 
30 spinocerebellar degenerations. Those disorders are all 
uncommon or rare and have simple Uendelian inheritance. 
In contrast, commcm neurological diseases like epilepsy, 
have complex inheritance where they are determined by 
multiple genes sometimes interacting with environmental 
35 influences. Molecular genetic advances in disorders with 
coiqplex inheritance have been far more niodest to date 
(Todd, 1999). 
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Most Of the molecular geuetio adv^s have occurred 
oy a sequential three ooourred 

«x caree stage process. First a clinical w 
»w»03eneous disorder is identified 

ioencirxea and xts mode of 
iritance defcepm4«-^ - _ . ^'^'^ 




-1th th. dilLX .1 V O^^-l P=P»l.ti<». 



15 19S5). ""^ (OolllM, 

Li»k.„ i„ ai^rdMr. with oonplw 

^™ h.„ b«tovill,a hy x»„ti„ x.^ta ..a *r «Uur. to 
"^xoat. po.ltlv. ,1^.. ^ ^ Of ,^,,2 




25 



30 



^sorders. Carefully performed, la«e sell 
Wving hmxdreds of sil^irs in^LJ. • 
multiple scler««f« ^ "^"rs in disorders including 

pxe sclerosis and diabetes have been m^^*.4 
neSHtive (Bell and I^throp, 1996. «««»tially 
to -merging vie^ i« ! ''^'^^ and Ott, 1998) . 

— tio^Tof ^3 - the 

idenfc,-*^ effect and that 

C «»~ a»» ^ only h. po.^ ^ 

™»la. h„i. ^ l^^lCX to 

,r""' =-»ut.tic«.x ll-lt.tlo« 

a. ldi«..thlo ff««r.liz«l «,U.p.i«. ^ 

aost common groun of ir.\^^*. ^ ^ "® 
have sl»«7 !^ inl»erited human epilepsy and do not 
nave simple inheritance. Like ot-v«^ , 
linkage studies In rJ\,J^^^^.'''^^^ disorders. 



«i;uaies in XGB have geawrated contioversi^i ^ 
cxanflicting elalmc . «wni:roversial and 

«.*jig Claims. Previous authors liaiF» 
35 possibility «f «««K>rs Have suggested the 

«iAity of multifactorial, polygenic, olia«fl«n,-« 
two locus in«/q«i«. « ^. _'. Oligogenic or 



. ' ' — ^-o— Oligogenic or 
aels for the disease (Andermann, 1982, Doose 
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and Baier, 1989/ Greeziberg et al., 1988a; 1992; Janz et 
al., 1992). 

Two broad groups of IGE are now known - the classical 
idiopathic generalized epilepsies (Commission on 
5 Classification and Terminology of the International League 
Against Elpilepsy, 198?) and the newly recognized genetic 
syndrome of generalized epilepsy with febrile seizures 
plus (GEaPS*) (Scheffer and Berkovic, 1997; Singh et al., 
1999) « 

10 ThB classical IGEs are divided into a number of 

clinically recognizable but overlapping sub- syndromes 
including childhood absence epilepsy, juvenile absence 
epilepsy, juvenile xnyoclonic ^ilepsy etc (Commission on 
Classification and Terminology of the International League 
15 Against ^ilepsy, 1989; Roger et al*, 1992). The sub- 
syndromes are identified by age of onset and the pattern 
of seizure types (absence, myoclonus and tonic-clonic) . 
Some patients, particularly those with tonic-clozxic 
seizures alone do not fit a specifically recognized sub- 
20 syndrome. Arguments for regsurding these as separate 
syndromes, yet recognizing that they are part of a 
neurobiological continuum, have been presented previously 
(Berkovic et al. 1987; 1994; Reutens and Berkovic, 1995). 

GEFS* was originally recognized through large multi- 
25 generation families and comprises a variety of sub- 
syndromes. Febrile seizures plus (FS*) is a sub-syndrome 
where children have febrile seizures occurring outside the 
age range of 3 months to 6 years, or have associated 
febrile tonic-clonic seizures. Many family members have a 
30 phenotype indistinguishable from the classical febrile 
convulsion syndrome and some have FS* with additional 
absence, myoclonic, atonic, or complex partial seizures. 
The severe end of the GEFS* spectrum includes myoclonic- 
astatic epilepsy. 

35 The cumulative incidence for epilepsy by age 30 years 

(proportion suffering from ^lletpsy at scmie time) is 1.5% 
(Hauser et al., 1993). Accurate estimates for the 
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cumulative incidence of the IGEs are unavailable. In 
epidezaiological studies where attenopts are made to 
subclassify epilepsies, rather fev cases of I6B are 
diagnosed, and many cases are unclassified. This is 
5 probably because cases are rarely directly examined by 
epileptologists • In clinic- or office-based series seen by 
experts, most cases are classifiable and IGBs account for 
about 25% of cases. This suggests that about 0.3% of the 
population suffer from IGE at some time. 
10 In outbred populations many patients with classical 

IGE appear to be ^oradic as siblings and parents are 
usually unaffected. Systematic EE6 studies on clinically 
unaffected family n«ibers show an increase in age- 
dependent occurrence of generalized epileptiform 
15 discharges coiqpared to controls. In addition, to the 
approximate 0.3% of the population with clinical IGE, 
systematic EEG studies suggest that about 1% of healthy 
children have generalized epileptiform discharges while 
awake (Cavazutti et al., 1980; Okubo et al., 1994). 
20 Approximately 5-10% of first degree relatives of 

classical IGE probands have seizures with affected 
relatives usually having IGE phenotypes or febrile 
seizures. While nuclear families with 2-4 affected 
individuals are well recognized and 3 generation families 
25 or grandparent -grandchild pairs are occasionally observed 
(Italian Iteague Against Epilepsy Genetic Collaborative 
Group, 1993), families with multiple affected individuals 
extending over 4 or more generations are exceptionally 
rare. 

30 For GEFS'^, however, a number of large mult i-generat ion 

fandLlles showing autosomal dominant inheritance with 
inconqplete penetrance are known. Similar to classical IGE, 
analysis of sporadic cases and small families with GEFS*** 
phenotypes does not suggest slinple Hendellan inheritance. 

35 Indeed, billneal inheritance, where there is a history of 
epilepsy on maternal and paternal sides, is observed in 
both GEFS^ and classical IGE families (Singh et al., 1999; 
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Italian Iieague Against Epilepsy Genetic Collaborative 
Groop, 1993). 

Within single familiefs with classical XGE or 
affected individuals often have different sub-syndrosnes. 
5 Mis closer an affected relative is to the proband, the 
more similar are their sxib- syndromes, and siblings often 
have similar sub-syndromes (Italian League Against 
Vpxlepsy Genetic Collaborative Group, 1993). Less 
commozily, families are observed where most, or all, known 
10 affected individuals have one classical XGE sub-$yndrome 
such as childhood absence epilepsy or juvenile i^yoclonic 
^ilepsy (Italian League Against ^iletpsy Genetic 
Collaborative Group, 1993} • 

I^qportantly, sub-syndromes are identical in affected 
15 monozygous twins with IGE. In contrast, affected dizygous 
twins, may have the same or different sub- syndromes. 
Classical IGE and (SEFS* sub-syndromes tend to segregate 
separately (Singh et al., 1999). 

In some inbred communities, pedigree analysis 
20 strongly suggests recessive inheritance for juvenile 
myoclonic epilepsy and other forms of IGE (Panayiotopoulos 
and Obeid, 1989; Berkovic et al., 2000). In such families, 
sub-syndromes are much more similar in affected siblings 
than in affected sib-pairs from outbred families. 
25 Recently, a family with an infantile form of IGB with 
autosomal recessive inheritance, confirmed by linkage 
analysis, was described in Italy (Zara et al., 2000). 

Most work on the molecular genetics of classical iGEs 
has been done on the sub-syndrome of juvenile znyoclonic 
30 ^ilepsy where a locus in proximity or within the HLA 
region on chromosome 6p was first reported in 1988 
(Greenberg et al., 1988b). This finding was supported by 
two collaborating laboratories, in separate patient 
samples, and subsequently three groups provided further 
35 evidence for a 6p locus for juvenile myoclonic epilepsy in 
some, but not all, of their families. However, genetic 
defects have not been found and the exact locus of the 
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gene or gezies, in relationship to the HTiA region, remains 
controversial. Strong evidence for linkage to chromosome 6 
also comes from a study of a single large family with 
juvenile myoclonic ^ilepsy, but in this pedigree the 
5 locus is well outside the HTift region. A locus on 
chromosome 15q has also been suggested for juvenile 
myoclonic epilepsy, but was not confirmed by two other 
studies • 

In general, the results of studies of the putative 
10 chromosomal 6p locus in the HTiA region in patients with 
absence epilepsies or other forms of idiopathic 
generalized epilepsies have been negative. The major 
exception is that study of probands with tonic -clonic 
seizures on awakening, a sub-syndrome closely related to 
15 juvenile myoclonic epilepsy, suggests linkage to 6p. 

Linkage for classical remitting childhood absence 
epilepsy remains elusive, but in a family with persisting 
absence evolving into a juvenile myoc Ionic epilepsy 
phenotype, linkage to chromosome Ip has been claimed. An 
2 0 Indian pedigree with persisting absence and tonic-clonic 
seizures may link to 8q24. Liskage to this region was also 
suggested by a non-parametric analysis in Z6E, 
irrespective of subsyndrome, but was not confirmed in 
another study. Other loci for iGBs that have been reported 
25 in single studies include 3pl4, 8p, 18 and possibly 5p. 
The unusual example of recessively ixsiherited infantile 
onset IGB described in Xtaly maps to 16p in a single 
family. 

Thus, like most disorders with coooples: inheritance, 
30 the literature on genetics of classical IGEs is confusing 
and contradictory. Some, and perhaps much, of this 
confusion is due tQ heterogeneity, with the likelihood of 
a number of loci for XGEs. TbB studies reviewed above were 
principally performed on multiple small families, so 
35 heterogeneity within and between samples is probable. 
Whether all, some, or none of the linkages reported above 
will be found to harbour relevant genes for IGE remains to 
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be determined, Most of the studies reviewed above used 
analysis methods assuming Mendelian inheritance, an 
assumption that is not correct for oatbred coimiunlties • 
Some studies used multiple models (autosomal recessive, 
5 autosomal dominant) • Although parametric linkage analysis 
may be reliable in some circumstance of analyzing complex 
disease, it can lead to spurious findings as highlighted 
by the literature on linkage in major psychoses (Risch and 
Botstein, 1996) • 

10 In so far as GEFS* is concerned, linkage analysis on 

rare multi-generation large families with clinical 
evidence of a major autosomal dominant gene have 
demonstrated loci on chromosomes 19q and 2q. Both the 19q 
and 2q GEFS^ loci have been confirmed in independently 
15 ascertained large families, and genetic defects have been 
identified. Families linked to 19q are known and a 
mutation in the gene for the pi subunit of the neuronal 
sodium channel (SCNIB) has been identified (Wallace et 
al., 1998). This mutation results in the loss of a 
20 critical disulphide bridge of this regulatory subunit and 
causes a loss of function in vitro. Families linked to 2q 
are also known and mutations in the pore-forming a subunit 
of the neuronal sodium channel (SCN1&) have been 
identified (Australian provisional patent PR2203; Wallace 
25 et al., 2001b; Escayg et al., 2000). Studies on the more 
common small families with GEFS"^ have not revealed these or 
other mutations to date. 

In addition to the SCNIB and SCNIA mutations in GEFS*^, 
four other gene defects have been discovered for human 
30 idiopathic epilepsies through the study of large families. 
Mutations in the alpha-4 subunit of the neuronal nicotinic 
acetylcholine rec^tor (CHRMA4) occur in the focal 
epilepsy syndrome of autosomal dominant nocturnal frontal 
lobe epilepsy (Australian patent An-B-56247/96; Steinlein 
35 et al., 1995). Mutations in the gamma-2 subunit of the 
GABAa receptor (GABRG2) have been identified in childhood 

febrile seizures (including febrile 
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seizures plus) and myoclonic epilepsy {PCT/AUOl/00729; 
Wallace et al., 2001a}. Finally, mutations in two 
potassium channel genes (KCNQ2 and KC1IQ3) were identified 
in benign familial neonatal convulsions (Singh et al., 
5 1998; Biervert et al., 1998; Charlier et al., 1998). 
Although initially regarded as a special form of IGE, this 
unusual syndrome is probably a form of Inherited focal 
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15 



Further to these studies, mutations in other genes 
have been identified to be causative of epilepsy. OSiese 
include mutations in the beta-2 subunit {cmaiB2) of the 
neuronal nicotinic acetylcholine receptor (PCT/ACTOl/00541, 
Phillips et al., 2001) and the delta subunit (O&BRD) of 
the GABAa receptor (PCT/AiyOl/00729) . 

A number of mouse models approadmating human lOB are 
known. -Chese mice mutants have ataacia in addition to 
generalized spike- and-wave discharges with absences or 
tonic-clonic seizures. Recessive mutations in calcium 
channel subunit genes have been found in lethargic 
20 (CacajB4), tottering/ leaner (CACUAIA), and stargazer 
(Caci9G2) mutants. The slow-wave epilepsy mouse mutant has 
a mutation in the sodium/hydrogen exchanger gene, which 
nay have ijuportant dotmstream effects on pH-sensitive ion 
channels . 



25 



«he human and mouse literature is now suggestiog that 
idiopathic ^ilepsies comprise a family of 
channelopathies with mntations in ion channel subunits of 
voltage-gated (eg SCNIA, SCHIB, IBCNQ2, KCNQ3) or ligand- 
ffated (eg CHRMA4, CHRMB2, QaBRa2, GAKRD) types. Ohese 
30 channels are typically comprised of a number of subunits, 
specified by genes on different chromosomes. The 
stoichiometry and conformation of ion channel subunits are 
not yet well understood, but mai^ have multiple subunits 
in a variety of combinations. 
35 •Che involvement of ion channels in other 

neuro/physiologlcal disorders has also been observed 
(reviewed in IJworakowska and Dolo»»y/ 2000). Mutations in 
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voltage-gated sodium, potassium, calcium and chloride 
chaimels as well as ligand-gated cfaazmels such as the 
acetylcholine and G2VB2k receptors may lead to pl^rsiological 
disorders such as hyper- and hypo-kalemic periodic 

5 paralysis, myotonias, malignant hyperthermia, myasthenia 
and cardiac aacrhytfamias • Neurological disorders other than 
epilepsy that aace associated vith ion channel mutations 
include episodic ataxia, migraine, Alzheimer's disease, 
Parkinson ' s disease , schizophrenia, hyperekplexia , 

0 axnclety, depression, phobic obsessive symptoms, as well as 
neuropathic pain. Inflammatory pain and chronic /acute 
pain. Some kidn^ disorders such as Bartter's syndrome, 
polycystic kidney disease and Dent's disease, secretion 
disorders such as hyperinsulinemic hypoglycemia of infancy 

5 and cystic fibrosis, and vision disorders such as 
congenital stationary night blindness and total colour- 
blindness may also be llxaked to mutations in ion chazmels. 



Disclosure of the Invention 
20 In a new genetic model for the idiopathic generalised 

epilepsies (lOEs) described in PCT/AUOl/00872 (the 
disclosure of which is incorporated herein by reference) 
it has been postulated that most classical I6E and G&FS'^ 
cases are due to the combination of two mutations in 
25 multl-subunlt ion channels. These are typically point 
mutations resulting In a subtle change of function. The 
critical postulate is that two mutations, usually, but not 
exclusively, in different subunlt alleles (Migenic 
model''), are required for clinical expression of IGE. It 
30 was further proposed that 

a) A number of different mutated subunlt pairs can 
be responsible for I6S. Combinations of two 
mutated subiuxits lead to an IGB genotype with 
-30% penetrance. 

35 b) TbB total allele frequency of mutated subunits 

Is ^8%. It was calculated that approximately 15% 
of the population has one or more mutated 
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subunlt genes and 1% have two or more mutated 
subtmits • 

c) Sub -syndromes are principally determined lay the 
specific combination of mutated subunlt pairs, 
although one or more other genes. Including Ion 
channel subunlts, of smaller effect nay modify 
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d) ISutated subunlt combinations that cause 
classical IGBs sure largely separate from those 
that cause GEFS***, although some subunlts may be 
Involved in both syndromes* 

e) Izidlvlduals with single ^change of function' 
mutations would not have IGE, but such mutations 
may contribute to simple febrile seizures, which 

-^^ are observed with Increased frequency in 

relatives of XGB probands. 
The model also proposes that subunlt mutations with 
more severe functional consequences (eg breaking a 
dlsulphide bridge in SCaulB or amino acid substitution in 

20 the pore forming regions of SCNIA for GBFS*^} cause 
autosomal dominant generalized epilepsies with a 
penetrance of 60-90%. The precise sub-syndromes in GEFS"^ 
are determined by minor allelic variation or mutations In 
other ion channel subunlts. Such ^severe" mutations are 

25 rare (allele frequency <0.01%) and are Infrequent causes 
of They very rarely, or perhaps never, cause 

classical IGE. 

The identification of molecular changes in ion 
channel subunlts is therefore a significant step towards 

30 the elucidation of genetic variants that alone or in 
combination (based on the dlgenlc model) give rise to an 
epilepsy phenotype, and to other neuaco/physlological 
disorders associated with Ion channel 4ysfuncticm. 

The present inventors have identified a number of 

35 novel mutations or variants in genes encoding subunlts of 
ion channels In individuals with epilepsy. It will be 
appreciated that for each molecular defect one can provide 
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an isolated nucleic acid nolecule coding for a protein 
liaving a biological function as part of an ion channel in 
a m a mm al^ wherein a mutation event selected from the group 
consisting of point mutations, deletions, insertions and 
rearrangements has occurred so as to affect the 
functioning of the ion channel. In some instances this 
single mutation alone will produce a phenotype of epilepsy 
or other neuro/physiological disorders associated with ion 



^0 ^ case where a single mutation alone does not 

produce, say, an epilepsy phenotype, there would be 
provided one or more additional isolated nucleic acid 
molecules coding for proteins having a biological function 
as part of an ion channel in a mammal, wherein a mutation 
15 event selected from the group consisting of point 
mutations, deletions, insertions ^r%ri rearrangements has 
occurred so as to affect the functioning of the ion 
channel. The cumulative effect of the mutations in each 
isolated nucleic acid molecule in vivo is to produce a 
2 0 epilepsy or another neuro/physiological disorders in said 
mammal. The mutations may be in nucleic acid molecules 
coding for protein subunits belonging to the same ion 
channel or may be in nucleic acid molecules coding for 
protein subunits that belong to different ion channels. 
25 Typically such mutations are point mutations and the 

ion channels are voltage-gated channels such as a sodium, 
potassivuoa, calcium or chloride channels or are ligand- 
gated channels such as members of the nAC±iR/GABA supe^ 
family of receptors, or a functional fragment or bomologue 
3 0 thereof • 

Mutations may include those in non-coding regions of 
the ion channel subunits (eg mutations in the pacomoter 
region which affect the level of es^ression of the subunit 
gene, mutations in intronic sequences which affect the 
35 correct slicing of the subunit during mRNA processing, or 
mutations in the 5' or 3' untranslated regions that can 
affect translation or stability of the mRNA) . Mutations 
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aiay also and more preferably will be in codlaff regions of 
the ion channel subunit s (eg nucleotide mutations may give 
rise to an amino acid change in the encoded protein or 
nucleotide mutations that do not give rise to an amino 
5 acid change but may affect the stability of the mBlA) . 

ISutation combinations may be selected from, but are 
not restricted to, those identified in Table 1. 

Accordingly in one aspect of the present invention 
there is provided a method of identifying a subject 
10 predisposed to a disorder associated with ion cdiannel 
dysfunction, conprising ascertaining whether at least one 
of the genes encoding ion channel subunits in said subject 
has undergone a imitation evmt such that a cDNa. derived 
from said subject has the sequence set forth in one of SBQ 
15 ID NOS: 1-134. 

In another aspect of the present invention there is 
provided an isolated nucleic acid molecule encoding a 
mutant or variant ion channel subunit wherein a mutation 
event has occurred such that a cEOlA derived therefrom has 

20 the se<iuence set forth in one of SEQ ID NOS: 1-134. 

The mutation event disrupts the functioning of an ion 
channel so as to produce a phenotype of epilepsy, and/or 
one or more other disorders associated with ion channel 
dysfunction, including but not restricted to, hyper- or 

25 hypo-fcalemic periodic paralysis, aorotonias, malignant 
hyperthermia, myasthenia, cardiac arrhythmias, episodic 
ataxia, migraine, Alzheimer's disease, Parkinson's 




a.# 'Oyperejcpj.eaEXa 



depression, phobic obsessive syac>tams, neuropathic pain, 
30 inflammatory pain, chronic/acute pain, Bartter's syndrome, 
polycystic kidney disease. Dent's disease, 

hyperinsulinemic hypoglycemia of infancy, cystic fibrosis, 
congenital stationary night blindness and total colour- 
blindness, either alone or in combination with one or more 
35 additional mutations or variations In the ion channel 
subunit genes. 

la a further ai^ct of the present Invention there is 
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provided a cmnbinatlozi of two or more Isolated nucleic 
acid molecules each having a novel nutation event as laid 
out in Table 1. •the cuimilative e££ect of the mutations in 
each isolated nucleic acid molecule In vivo is to produce 
5 an epilepsy or another disorder associated with ion 
channel dysfunction as described above in said mammal. 

In a particularly paref erred embodiment of the present 
invention, the isolated nucleic acid molecules have a 
nucleotide seguence as shown in any one of SBQ ID Numbers: 
10 1-134. The sequences correspond to the novel UNA mutations 
or variants laid out in Table 1. 

In another aspect of the present invention there is 
provided an isolated nucleic acid molecule comprising any 
one of the nucleotide sequences set forth in SKQ ID NOS: 
15 1-134. 

In another aspect of the present invention there is 
provided an isolated nucleic acid molecule consisting of 
any aa9 of the nucleotide sequences set forth in SEQ id 
IK)S: 1-134. 

In another a^ect of the present invention there is 
provided an isolated nucleic acid molecule encoding a 
mutant subunit of a mammalian nicotinic acetylcholine 
receptor (oAohR), wherein a nutation event selected from 
the group consisting of point nutations, deletions, 
25 insertions and rearrangements has occurred in the 
nucleotides outside of the 112 domain of the subunit of 
said mammalian nicotinic acetylcholine reenter, so as to 



20 



Preferably said nutation event is a point mutaticm. 

30 In one form of the invention, the acutati<»is are in 

eacon 5 of the CHRMZk4 subunit and result in the replacement 
of an arginine residue with a cysteine residue at 
acid position 336, the replacement of an arginine residue 
with a glutamine residue at amino acid position 369, or 

35 the replacement of a proline residue with an arginine 
residue at amino acid position 474. The R336C nutation 
lies in the intracellular loop and occurs as a result of a 
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C to T nucleotide substitution at position 1006 of the 
CHR1I&4 coding sequence as shown in SEQ XD NO: 32. The 
K369Q mutation also lies in the intracellular loop and 
occurs as a result of a G to A nucleotide substitution at 
5 position 1106 of the CHRN&4 coding sequence as shown in 
SEQ IB NO: 33. Finally, the P474R lies in the 
intracellular loop and occurs as a result of a C to 6 
nucleotide substitution at position 1421 of the CHRN&4 
coding sequence as shown in SEQ IB NO: 34. 
10 In a fuarther form of the inirention, the mutations are 

in escon 2 or 5 of the CHRNB2 subunlt and result in the 
replac e m e nt of a threonine residue with a methionine 
residue at amino acid position 26, the replacement of a 
leucine residue with a valine residue at amino acid 
15 position 301, the replacement of a valine residue with an 
alanine residue at amino acid position 308, or the 
replacement of a glycine residue with an aspartic acid 
residue at amizm acid position 412. The T26M mutation lies 
in the signal peptide and occurs as a result of a C to T 
20 nucleotide substitution at position 77 of the CHRNB2 
coding sequence as shown in SEQ ID NO: 35. ThB Ii301V 
mutation lies in the H3 domain and occurs as a result of a 
C to G nucleotide substitution at position 901 of the 
CHRNB2 coding sequence as shown in SEQ ID NO: 36. a*he 
25 V308A mutation also lies in the M3 domain and occurs as a 
result of a T to C nucleotide substitution at position 923 
of the CHRNB2 coding sequence as shown in SEQ ID HO: 134. 
Finally, the G412D mutation lies in the intracellular loop 
and occurs as a result of a G to A nucleotide sxibstitution 
30 at position 1235 of the CHRNB2 coding sequence as shown in 
SEQ ID NO: 37. 

Preferably these mutations create a phenotype of 
autosomal dominant nocturnal frontal lobe epilepsy. 

The nucleotide sequences of the present invention can 
35 be engineered using methods accepted in the art for a 
variety of puarposes. Olhese include, but are not limited 
to, modification of the cloning, processing, and/or 
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of the genta product. PCSEt reassembly of 
fragments and the use of synthetic oligonucleotides allow 
the engineering of the nucleotide sequences of the present 
invention. For eaeample, oligonucleotide-mediated site- 
directed nutagenesis can introduce further nutations that 
create new restriction sites, alter expression patterns 



As a result of the degeneracy of the genetic code, a 
number of polynucleotide sequences, some that may ha-ve 
10 minimal similarity to the polynucleotide sequences of any 
known and naturally occurring gene, may be produced. Thus, 



m . ■ 



Of a polynucleotide sequence that could be made by 



15 1-hese combinations are made in accordance with the 
standard triplet genetic code as applied to the 
polynucleotide sequences of the present invention, and all 
such variations are to be considered as being specifically 



20 oaie nucleic acid molecules of this invention are 

typically DWi. molecules, and include cDEi&, genomic DOHA, 
synthetic forms, and ntiaced polymers, both sense and 
antisense strands, and may be chemically or biochemically 
modified, or may contain non-natural or derivatised 
25 nucleotide bases as will be appreciated by those skilled 
in the art. Such modifications include labels, 
methylation, intercalators, alkylators and modified 
linkages. la sane instances it may be advantsigeous to 
produce nucleotide sequences possessing a substantially 
30 different codon usage than that of the polynucleotide 
sequences of the present invention. For example, codons 
may be selected to increase the rate of expression of the 
peptide in a particular prokaryotic or eukaryotic host 
correwnding with the frequency that particular codons 
35 are utilized by the host. Other reasons to alter the 
nucleotide sequence without altering the encoded amino 
acid sequences include the production of SJSOi transcripts 
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having more desirable properties, such as a greater half*- 
life, than transcripts produced £roia the naturally 
occurring mutated sequence. 

The invention also encompasses production of DNA 
5 seczuences of the present invention entirely by synthetic 
chemistsry. Synthetic sequences may be inserted into 
expression vectors and cell systems that contain the 
necessary ele men ts for transcriptional and translational 
control of the inserted coding sequence in a suitable 
10 host. Olhese elements may Include regulatory sequences, 
promoters, 5' and 3' untranslated regions and specific 
initiation signals (such as an ATG initiation codon' smd 
Kbzak consensus sequence) which allow more efficient 
tacanslation of sequences encoding the polypeptides of the 
15 present invention. In cases where the complete coding 
sequence, including the initiation codon and upstream 
regulatory sequences, are inserted into the appropriate 
expression vector, additional control signals may not be 
needed. However, in cases where only coding sequence, or a 
20 fragment thereof, is inserted, exogenous translational 
control signals as described above should be provided by 
the vector. Such signals may be of various origins, both 
natural and synthetic. The efficiency of eKPression may be 
enhanced by the Inclusion of enhancers appropriate for the 
25 particular host cell system used (Scharf et al., 1994). 

The invention also Includes nucleic acid molecules 
that are the conqplements of the sequences described 
herein. 

^e present invention allows for the preparation of 
30 purified polypeptide or protein from the polynucleotides 
of the present invention, or variants thereof, in order to 
do this, host cells may be transformed with a novel DNA 
molecule as described above, or with DH& molecules 
encoding two or more mutant ion channel subunlts. If the 
35 mutant subunlts form a part of the same ion channel a 
reenter protein containing two or more mutant subunlts 
may be isolated. If the mutant svibunlts are subunlts of 
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different ion channels the host cells will express two or 
more mutant receptor proteins. O^ically said host cells 
are transfected with. an expression vector comprising a DKA 
molecule according to the invention or, in particular, DNA. 
5 molecules encoding two or more mutant ion channel 
subunits. A variety of expression vector /host systems may 
be utilized to contain and eatress sequences encoding 
polypeptides of the invention. oAiese include, but are not 
limited to, microorganisms such as bacteria transformed 

10 with plasmid or cosmld BNA expression vectors; yeast 
transformed with yeast expression vectors; insect cell 
systems infected with viral expression vectors (e.g., 
baculovirus); or mouse or other animal or human tissue 
cell systems. Sllammalian cells can also be used to express 

15 a protein using a vaccinia virus expression system. The 
invention is not limited by the host cell or vector 
employed. 

The polynucleotide seg:uences, or variants thereof, of 
the present invention can be stably expressed in cell 
20 lines to allow long term production of recombinant 
proteins in mammalian systems. Sequences encoding the 
polypeptides of the present invention can be transformed 
into cell lines using expression vectors which miay contain 
viral origins of replication and/or endogenous expression 
25 elements and a selectable marker gene on the same or on a 
separate vector. The selectable marker confers resistance 
to a selective agent, and its presence allows growth and 
recovery of cells which successfully express the 
introduced sequences. Resistant clones of stably 
30 transformed cells may be propagated using tissue culture 
techniques appropriate to the cell type. 

The protein produced by a transformed cell may be 
secreted or retained Intracellularly depending on the 
sequence and/or the vector used. As will be understood by 
35 those of skill in the art, expression vectors containing 
polynucleotides which encode a protein may be designed to 
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contain signal sequences which direct secretion of the 
protein through a prokazyotic or eukaryotic cell membrane. 

In addition, a host cell strain may be chosen for its 
ability to modulate expression of the inserted sequences 
5 or to process the expressed protein in the desired 
fashion. Such modifications of the polypeptide include, 
but are not limited to, acetylation, glycosylation, 
phosphorylation, and acylation. Post -trans lational 
cleavage of a "prepro" form of the protein may also be 
10 used to specify protein targeting, folding, and/or 
activity. Different host cells having specific cellular 
machinery and characteristic mechanisms for post- 
translational activities (e.g., CHO or HeLa cells), are 
available from the American Type Culture Collection (ATCC) 
15 and may be chosen to ensure the correct modification and 
processing of the foreign protein. 

Vlhen large quantities of the protein product of the 
gene are needed, such as for antibody production, vectors 
which direct high levels of expression of this protein may 
20 be used, such as those containing the 75 or T7 inducible 
bacteriophage promoter. HhB present invention also 
includes the use of the expression systems described above 
in generating and isolating fusion proteins which contain 
important functional domains of the parotein. 73iese fusion 
25 proteins are used for binding, structural and functional 
studies as well as for the generation of appropriate 
antibodies . 

In order to express and purify the protein as a 
fusion protein, the appropriate oDWH sequence is inserted 

30 into a vector which contains a nucleotide sequence 
encoding another peptide (for example, glutathionine 
succinyl transferase) . The fusion protein is expressed and 
recovered from prokaryotic or eukaryotic cells. The fusion 
protein can then be purified by affinity chromatography 

35 based upon the fusion vector sequence. The desired protein 
is then obtained by enzymatic cleavage of the fusion 
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Fragments of tbe polypeptides of 
invention nay also be produced by direct peptide 
using solid-phase tecbniques. Automated synthesis nay be 
achieved by using the ABi 431A Peptide Synthesizer 
5 (Perkin-Elmar) . Various fragments of this protein may be 
synthesized separately and then combined to produce the 
full-length molecule. 



invention is also concerned with 
polypeptides having a biological function as an ion 
10 channel in a mammal, wherein a mutation event selected 
from the group consisting of substitutions, deletions, 
truncations, insertions and rearrangements has occurred so 
as to affect the functioning of the ion channel. In some 
instances this single mutation alone will produce an 
15 Qpil^sy phenotype. 

In the case where a single mutation alone does not 
produce an epil^sy phenotype, there would be provided one 
or more additional isolated maomialian polypeptides having 
biological functions as part of an ion channel in a 
20 mammal, iriierein a mutation event selected from the group 
consisting of substitutions, deletions, truncations, 
insertions and rearrangements has occurired so as to affect 
the functioning of the ion channel. The cumulative effect 
of the mutations in each isolated mammalian polypeptide in 
25 vivo being to produce an ^ilepsy in said mammal. The 
mutations may be in polypeptide subunits belonging to the 
same ion channel as described above, but may also be in 
polypeptide subunits that belong to different ion 
channels. 

Typically the mutation is an amino acid substitution 
and the ion channel is a voltage-gated channel such as a 
sodium, potassium, calcium or chloride channel or a 
ligand-gated channel such as a member of the nAChR/GftBA 
super family of receptors, or a functional fragment or 
35 homologoe thereof. 

Mutation conibinations may be selected from, but are 
not restricted to, those represented in Table 1. 



30 
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Accordingly, in a further aspect of the present 



polypeptide beingf a nnitant or variant ion chaxmel subunit 
wherein a zmitation event has occurred such that the 
5 polypeptide has the amino acid secjuence set forth in one 
of SEQ ID NOS: 135-173. The nnitation event disrupts the 
functioning of an ion channel so as to produce a phenotype 
of epilepsy, and/or one or more other disorders associated 
with ion channel dysfimctlon, including but not restricted 
10 to, hyper-- or hypo-kalemic periodic paralysis, myotonias, 

.a, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson ' s disease , schizophrenia , hyperekplescia , 
anxiety, depression, phobic obsessive symptoms, 
15 neuropathic pain, inflammatory pain, chronic/acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyper insulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness and total 
colour-blindness • 
20 Xn a particularly preferred embodiment of the present 

invention, the isolated polypeptide has an amino acid 
sequence as shown in any one of SEQ ID Niudpers: 135-173. 
The sequences correspond to the novel amino acid changes 
laid out in Table 1 for those instances where the DIOA 
25 mutation results in an amiTio acid change. 

In a still further aspect of the present invention 
there is provided a combination of two or more isolated 
polypeptides each having a novel mutation event as laid 
out in Table 1. The cumulative effect of the mutations in 
30 each isolated polypeptide molecule in vivo is to produce 
an epilepsy or another disorder associated with ion 
channel dysfunction as described above in said mammal. 

In a particularly preferred embodiment of the present 
invention, the isolated polypeptides have an amino acid 
35 sequence as shown in any one of SEQ ID Numbers: 135-173. 
The sequences corarespond to the novel amino acid changes 
laid out in Table 1. 



wo 03/008574 



PCT/AU02/00910 



- 22 - 

According to still another 
invention there is provided 
comprising the amino acid sequence 
SEQ ID NOS: 135-173 • 
5 According to still another 

invention there is provided a 
the amino acid sequence set 
NOS: 135-173. 



aspect of the present 



set forth in any one of 

aspect of the present 
polypeptide cmisisting of 
in any one of SSQ ID 



10 



to still another 
is provided an 
being a mutant 



nicotinic 
mutation 



event selected from 



aspect of the present 
isolated polypeptide, said 

of a mammalian 
(nAChR) , wherein a 
the group consisting of 



15 has occurred outside of the M2 domain, so as to produce 



25 



In one form of the invention the mutations are 
located in the intracellular loop of the CHRNA4 subxmit 
and are substitutions in wliich an arginine residue is 
20 replaced with a cysteine residue, an arginine residue is 
replaced with a glutamine, or a proline residue is 
replaced with an arginine. Preferably the substitutions 
are R336C, R369Q and P474R transitions as illustrated by 
SEQ ID KOS: 153, 154 and 155 respectively. 

In a further form of the invention, the mutation 
event is a substitution in which a threonine residue is 
replaced with a methionine residue in the signal sequence 
of CHIUSIB2. Preferably the substitution is a T26M 
transition as illustrated in SEQ ID NO: 156. 

In a still further form of the invention, the 
mutation events are substitutions in which a leucine 
residue is replaced with a valine residue, or a valine 
residue is replaced with, an alanine located in the M3 
domain of CHRNB2. Preferably the substitutions are a 1,301V 
35 or V308A transition as illustrated in SEQ ID NOS: 157 and 
173. 

In a still further form of 



30 
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mutation event is a substitution in which a glycine 
residue is replaced with an aspartic acid residue located 
in the intracellular loop of CHRNB2. Preferably the 
substitution is a 6412D transition as illustrated in SEQ 
5 IB NO: 158. 

According to still another aspect of the present 
invention there is provided a method of pr^aring a 
polyp^tide, comprising the steps of: 

(1) culturing host cells transfected with an 
10 eacpression vector comprising a DNH molecule as 

described above under conditions effective for 
polypeptide production; azid 

(2) harvesting the mutant ion channel subxmit. 

'ThB mutant ion channel subunit may be allowed to 
15 assemble with other subunit s constituting the chazmel that 
are either wild- type or themselves mutant stibunits, 
whereby the assembled ion chazmel is harvested. 

According to still another aspect of the invention 
there is provided a polyp^tide which is the product of 
2 0 the process described above. 

Substantially purified protein or fragments thereof 
can then be used in fuzther biochemical analyses to 
establish secondary and tertiary structure. Such 
methodology is known in the art and includes, but is not 
25 restricted to. X-ray crystallography of crystals of the 
proteins or of the assembled ion channel incorporating the 
proteins or by nuclear magnetic resonance (MMR) . 
Determination of structure allows for the rational design 
of pharmaceuticals to interact with the ion channel as a 
30 whole or through interaction with a specific subuixit 
protein (see drug screening below), alter the overall ion 
c hanne l protein charge configuration or charge interaction 
with other proteins, or to alter its function in the cell. 
It will be appreciated that the mutant ion channel 
35 subunits included as part of the present invention will be 
useful in further applications which include a variety of 
hybridisation and inmunological assays to screen for 
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detect the presence of either a normal or mutated gene or 
gene product, fflie invention enables therapeutic methods 
for the treatment of epil^sy as well as other disorders 
associated with ion channel dysfunction a^*^ also enables 
5 methods for the diagnosis of epilepsy as well as other 
disorders associated with ion channel dysfunction. 

Therapeutic Applications 

According to still another aspect of the invention 
there is provided a method of treating epilepsy as well as 
other disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or hypo-kalemic 



15 migraine, Alzheimer 



az2Kiety, depression, phobic 
obsessive syioptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 
20 infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness, cor^prising 
administering a selective antagonist, agonist or modulator 
of an ion channel or ion channel subunit, when the ion 
channel contains a mutation in a subunit coiqprising the 
25 channel, as described above, to a subject in need of such 
treatment. Said mutation event may be causative of the 
disorder when escpressed alone or when expressed in 
combination with one or more additional mutations in 
stibunits of the same or different ion channels, which are 
30 typically those identified in Table 1. 

In still another aspect of the invention there is 
provided the use of a selective antagonist, agonist or 
modulator of an ion channel or ion channel subunit when 
the ion channel contains a mutation in a subunit 
35 comprising the channel, as described above, said mutation 
being causative of epilepsy as well as other disorders 
associated with ion channel dysfunction, including but not 
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restricted to, hyper- or hypo-kalemic periodic paralysis, 
niyotonias, malignant hypertlienoia, myasthenia, cardiac 



Parkinson's disease, schizophrenia, 

5 hyperekplexia, anxiety, depression, phobic obsessive 
symptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter>s syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycenda of 
infancy, cystic fibrosis, congenital stationary night 
10 blindness or total colotir-blindness, when expressed alone 
or idien es^ressed in combination with a second mutation in 
a subunit of the same or different ion channel, as 
described above, in the manufacture of a medicament for 
the treatment of the disorder. 
■^^ on® aspect, a suitable antagonist, agonist or 

modulator will restore wild-type function to the ion 
channel or channels containing the mutations of the 
present invention, or will negate the effects the mutant 
channel or channels have on cell function. 
20 Using methods well known in the art, a mutant ion 

channel may be used to produce antibodies specific for the 
mutant channel that is causative of the disease or to 
screen libraries of pharmaceutical agents to identify 
those that bind the mutant ion channel. 

o^ aspect, an antibody, which specifically binds 
to a mutant ion channel or mutant ion channel subunit of 
the invention, may be used directly as an agonist, 
antagonist or modulator, or indirectly as a targeting or 
delivery mechanism for bringing a pharmaceutical agent to 
30 cells or tissues that express the mutant ion channel. 

In a still further aspect of the invention there is 
provided an antibody which is immunologically reactive 
with a polypeptide as described above, but not with a 
wild- type ion channel or ion channel subunit thereof. 

^ particular, there is provided an antibody to an 
assembled ion channel containing a mutation in a subunit 
comprising the receptor, which is causative of epilepsy or 
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another disorder associated with ion channel dysfunction 
when eaipressed alone or when expressed in combination with 
one or more other mutations in subunits of the same or 
different ion channels. Such antibodies may include, but 
5 are not limited to, polyclonal, monoclonal, chimeric, and 
single chain antibodies as would be understood by the 
person skilled in the art. 

For the production of antibodies, various hosts 
including rabbits, rats, goats, mice, humans, and others 

10 may be immunized by injection with a polypeptide as 
described above or with any fragment or oligopeptide 
thereof which has immunogenic properties. Various 
adjuvants may be used to increase immunological response 
and include, but are not limited to, Freund^s, mineral 

15 gels such as aluminixm hsrdroKide, and surface-active 
substances such as lysolecithin. Adjuvants used in humans 
include BCG (bacilli Calmette-Guerin) and Corynebacterium 
parvum. 

It is preferred that the oligopeptides, peptides, or 
2 0 fragments used to induce antibodies to the mutant ion 
channel have an amino acid sec[uence consisting of at least 
5 amino acids, and, more preferably, of at least 10 ami nr. 
acids. It is also preferable that these oligopeptides, 
peptides, or fragments are identical to a portion of the 
25 amino acid sequence of the natural protein and contain the 
entire amino acid seq:uence of a small, naturally occxirring 
molecule. Short stretches of ion channel amino acids may 
be fused with those of another protein, such as KLH, and 
antibodies to the chimeric molecule may be produced. 
30 Monoclonal antibodies to a mutant ion channel may be 

prepared using any technique which provides for the 
production of antibody molecules by continuous cell lines 
in culture. These include, but are not limited to, the 
hybridoma technique, the human B-cell hybridoma technique, 
35 and the BBV-hybridoma technique. (For exaxuple, see Kohler 
et al., 1975; Kozbor et al., 1985; Cote et al., 1983; Cole 
et al., 1984) . 
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Antibodies may also be produced by inducing in vivo 
production in the lyxnphocyte population or by screening 
immunoglobulin libraries or panels of highly j^cific 
binding reagents as disclosed in the literature. (For 
5 example, see Orlandi et al., 1989; Winter and Milstein, 
1991) . 

Antibody fragments which contain specific binding 
sites for a mutant ion channel may also be generated. For 
example, such fragments include, F(ab')2 fragments 
10 produced by pepsin digestion of the antibody molecule and 
Fab fragments generated by reducing the disulfide bridges 
of the F(ab')2 fragments. Alternatively, Fab expression 
libraries may be constructed to allow rapid and easy 
identification of monoclonal Fab fragments with the 
15 desired specificity. (For example, see Huse et al., 1989). 

Various immunoassays may be used for screening to 
identify antibodies having the desired specificity. 
Numerous protocols for coi^petitive bindizjig or 
immunoradiometric assays using either polyclonal or 
20 monoclonal antibodies with established specificities are 
well known in the art- Such imoaninoassays typically involve 
the measurement of complex formation between an ion 
channel and its specific antibody. A two-site, monoclonal- 
based immunoassay utilizing antibodies reactive to two 
25 non- interfering ixm channel epitopes is preferred, but a 
competitive binding assay may also be employed. 

Xn a further aspect of the invention there is 
provided a method of treating epilepsy as well as other 
disorders associated with ion channel dysfunction, 
30 including but not ^restricted to, hyper- or l^o-kalemic 
periodic paralysis, myotonicis, malignant hyperthermia, 
myasthenia, cardiac arrh3^t:hmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexiaf anxiety, d^ression, phobic 
35 obsessive symptoms, neuropathic pain, inflammatory pain, 
chronic /acute pain, Bartter*s syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 
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infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness, can^rising 
administering an isolated mOi molecule which is the 
complement (antisense) of any one of the DNK molecules 
5 described above and which encodes an Bism molecule that 
hs^ridizes with the xnRiaA encoding a mutant ion channel 
subunit of the invention, to a subject in need of such 



10 



15 



20 



O^ically, a vector expressing the congplement 
(antisense) of the polynucleotides of the invention may be 
administered to a siibject in need of such treatment. 
Antisense strategies may use a variety of approaches 
including the use of antisense oligonucleotides, injection 
of antisense RJSA, ribozymes, DNAzymes and transfection of 
antisense MTA expression vectors* Many methods for 
introducing vectors into cells or tissues are available 
and equally suitable for use in vivo, la vitro, and ex 
vivo. For ex vivo therapy, vectors may be intiroduced into 
stem, cells taken from the patient and clonally propagated • 
for autologous transplant back into that same patient. 
Delivery 1^ tremsfection, by liposome injections, or by 
polycationic amino polymers may be achieved using methods 
which are well known in the art. <Por example, see Goldman 
et al., 1997) . 

In a still further aspect of the invention there is 
provided the use of an isolated molecule which is the 

complement (antisense) of a DNA molecule of the invention 
and which encodes an RX3A molecule that hybridizes with the 
mRNA encoding a mutant ion channel subunit of the 
30 invention, in the manufacture of a medicament for the 
treatment of epilepsy as well as other disorders 
associated with ion channel dysfunction, including but not 
restricted to, hyper- or hypo-kalemic periodic paxalysLe, 
myotonias, malignant l^yperthermia, myasthenia, cardiac 
B5 arrhythmias, episodic ataxia, migraine, Alzheimer's 



25 



t 
i 



wo 03/008574 PCT/AU02/00910 

- 29 - 

syxaptoxas, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter's s:yndrame, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
5 blindness or total colour-blindness. 

In a further aspect, a suitable agonist, antagonist 
or modulator may include peptides, phosphppeptides or 
small organic or inorganic compounds that can restore 
wild-type activity of ion chazmels containing mutations in 
the subunits which cciqprise the Channels as described 



10 



Peptides, pho^hopeptides or small organic or 
inorganic compounds suitable for therapeutic applications 
may be identified using nucleic acids and peptides of the 

15 invention in drug screening applications as described 
below, lyiolecules identified from these screens may also be 
of therapeutic application in affected individuals 
carrying other ion channel subunit gene mutations if the 
molecule is able to correct the common underlying 

20 functional deficit imposed by these mutations and those of 
the invention. 

There is therefore provided a method of treating 
epilepsy as well as other disorders associated with ion 
channel dysfunction cooooprising administering a coo^pound 
25 that is a suitable agonist, antagonist or modulator of an 
ion channel and that has been identified using the mutant 
ion chansQiel subunits of the invention. 



treatment may be combination therapy. "This may involve the 
30 administering an antibody or complement (antisense) to a 
mutant ion channel or ion channel subunit of the invention 
to inhibit its functional effect, combined with 
administration of wild-type ion channel subunits which may 
restore levels of wild- type ion channel formation to 
35 normal levels. Wild-type ion channel subunits of the 
invention can be administered using gene therapy 
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as described above for coi^plement 

OOiere is therefore provided a method of treating 
epilepsy as well as. other disorders associated with ion 
5 channel dysfunction comprising administration of an 
antibody or complement to a mutant ion channel or ion 
channel subunit of the invention in combination with 
administration of wild- type ion channel stibunits. 

In still another aspect of the invention there is 
10 provided the use of an antibody or complement to a mutant 
ion channel or ion channel subunit of the invention in 
ibination with the use of wild- type ion channel 
subunit s, in the manufacttire of a medicament for the 
treatment of epilepsy as well as other disorders 
15 associated with ion channel dysfunction. 

In further embodiments, any of the agonists. 



sequences or vectors of the invention may be administered 
in combination with other appropriate therapeutic agents. 

20 Selection of the appropriate agents may be made by those 
skilled in the aart, according to conventional 
pharmaceutical principles. Oflie combination of therapeutic 
agents may act synergistically to effect the treatment or 
prevention of the various disorders described above. Using 

25 this approach, therapeutic efficacy with lower dosages of 
each agent may be possible # thus reducing the potential 



Any of the therapeutic methods described above may be 
applied to any subject in need of such therapy, including, 
30 for eacample, mammals such as dogs, cats, cows, horses, 
rabbits, monkeys, and most preferably, humans. 

Drug Screening 

According to still another aspect of the invention, 
35 peptides of the invention, particularly purified mutant 
ion channel subunit polirpeptide and cells expressing 
these, are useful for the screening of candidate 
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of epilepsy as 
well as other as other disorders associated with ion 
channel dysfunction, including but not restricted to, 
hyper- or hypo-kalemic periodic paralysis, myotonias, 

cardiac arrhythmias , 

t 

9 

anxiety, depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain. 



a 



10 

disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 
colour-blindness • 

Still further, it provides the use of a polypeptide 
15 complex for the screening of candidate pharmaceutical 
compounds • 

Still further, it provides the use wherein high 
throughput screening techniques are employed. 

Compounds that can be screened in * accordance with the 

20 invention include, but are not limited to peptides (such 
as soluble peptides), phosphopeptides and small organic or 
inorganic molecules (such as natural product or synthetic 
chemical libraries and p^tidomimetics) • 

In one embodiment, a screening assay may include a 

25 cell-based assay utilising eukaryotic or prokaryotic host 
cells that are stably traiisformed with recombinant 
molecules expressing the poli^peptides or fragments of the 
invention, in competitive binding assays. Binding assays 
will measure the formation of cozqplexes between a specific 

30 ion channel subunit polypeptide mutant or mutant fragment 
and the compound being tested, or will measure the degree 
to which a compound being tested will interfere with the 
formation of a complex between a specific ion channel 
subunit polypeptide mutant or mutant fragment and a known 

35 ligand. 

a!he invention is particularly useful for screening 
compounds by using the polypeptides of the invention in 
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transfoxmed cells, traasfected or injected oocytes, or 
animal models bearing mutated ion channel subunits . such as 
transgenic animals or gene targeted (knock-in) animals 
(see transformed hosts). Drug candidates can be added to 
5 cultured cells that express a single mutant ion channel 
subunit or combination of mutant ion channel subunits 
(appropriate wild-type ion channel subunits should also be 
expressed for receptor asseaibly), can be added to oocytes 
transfected or injected with either a mutant ion channel 
subunit or conibination of mutant ion channel subunits 
(appropriate wild-type ion channel subunits must also be 
injected for reenter assembly), or can be administered to 
an animal model containing a mutant ion channel or 
coaibination of mutant ion channels. Determining the 
ability of the test compound to modulate mutant ion 
channel activity can be accoiBplished by a number of 
techniques knotm in the art. oSiese include for example 
measuring the effect on the current of the channel (e.g. 
calcium-, chloride-, sodium-, potassium- ion flux) as 
compared to the current of a cell or animal containing 
wild- type ion channels. Current in cells can be measured 
by a number of approaches including the patch-clamp 
technique (methods described in Hamill et al, 1981) or 
using fluorescence based assays as are known in the art 
(see Gonzalez et al. 1999) . Drug candidates that alter the 
current to a more normal level are useful for treating or 
preventing epilepsy as well as other disorders associated 
with ion channel dysfunction. 

Another technique for drug screening provides high- 
30 throughput screening for coinpounds having suitable binding 
affinity to the mutant ibn channel subunit polypeptides of 
the invention or ion channels containing these (see PCT 
published application WO84/03564) . m this stated 
technique, large numbers of small peptide test oca^poonds 
can be synthesised on a solid substrate (such as a 
micotitre plate) and can be assayed for mutant ion channel 
subunit polypeptide or mutant ion channel binding. Bound 
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nnitant ion channel or mutant ion channel 
polypeptide is then detected by methods well 



in the 



a variation of this technique^ purified 
pol3^^tides of the invention can be coated directly onto 
5 plates to identify interacting test compounds. 

The invention also contemplates ♦■^^ use of 
competition drug screening assays in which neutralizing 
antibodies capable of specifically binding the mutant ion 
channel compete with a test compound for binding thereto. 
10 In this manner, the antibodies can be used to detect the 
presence of any peptide that shares one or more antigenic 
determinants of the mutant ion channel. 

The polypeptides of the present inv^tion may also be 
used for screening compounds developed as a result of 
15 combinatorial library technology. Vhls provides a way to 
test a large noimber of different substances for their 
ability to modulate activity of a polypeptide. A substance 
identified as a modulator of polyp^tide function may be 
peptide or non-p^tide in nature. Non-p^tide "small 
20 molecules" are often preferred for joany in vivo 
pharmaceutical applications. In addition, a mimic or 

of the substance may be designed for 
use. TbB design of mlmetics based on a 
known pharmaceutically active compound (^lead* confound) 
25 is a common approach to the development of novel 



orxgxnal active compound is difficult 
, ^ynthesise or where it provides an 

administration. In the design of a 
30 parts of the original active con^otuid that 
in determining the target propesrty are 
paacts or residues crastituting the active 
compound are known as its pharmacophore. 



expensive to 
method of 
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35 physical properties 
including x-ray 



using data from a 
diffraction data and 
selected onto which chemical 
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niinio the pharmacophore caja be added. The selection can be 
made such that the mimetic is easy to synthesise, is 
likely to be phaxmacologically acceptable, does not 
degrade ia vivo and retains the biological activity of the 
5 lead confound. Further optimisation or modification can be 
carried out to select one or more final mimetics useful 
for in vivo or clinical testing. 

It is also possible to isolate a target-specific 
antibody and then solve its crystal structure. in 
10 principle, this approach yields a pharmacophore upon which 
subsequent drug design can be based as described above, it 
may be possible to avoid protein crystallogr^hy 
altogether by generating anti-idiotypic antibodies (anti- 
ids) to a functional, pharmacologically active antibody. 
15 As a mirror image of a mirror image, the binding site of 
the anti-ids would be eaipected to be an analogue of the 
original receptor. Vbs anti-id could then be used to 
isolate p^tides from chemically or biologically produced 
p^tide banks. 

One superior method for drug screening relies on 
structure-based rational drug design. Determination of the 
three dimensional structure of the polypeptides of the 
invention, or the three dimensional structtire of the ion 
channels which incorporate these polypeptides allows for 
structure-based drug design to identify biologically 



20 



25 



by a number of applicatiozxs, some of which include 
experimental models such as x-ray crystallography and mm 
30 and/or from in eiliao studies of structural databases such 
as the Protein Databank (PDB) . m addition, three 
dimensional structural models can be detezmioed using a 
nwrnber of known protein structure prediction techniques 
based on the primary sequences of the polyp^tides (e.g. 
35 SYBYl - Tripos Associated, St. Louis, MO), de novo parotein 
structure design programs (e.g. MODELER - MSI inc., San 
Diego, ca^, or MOE - Chemical Connputing Group, Montreal, 
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Canada) or ab iixitio methods (e.g. see ITS Patent Numbers 
5331573 and 5579250) . 

Once the three dimensional structure o£ a polypeptide 
or polypeptide coaqplex has been determined, structure- 
5 based drug discovery techniques can be employed to design 
biologically-active compounds based on these three 
dimensional structures. Such techniques are known in the 
art and include examples such as DOCK (Diiiversity of 
California, San Francisco) or AUTODOCK (Scripps Research 
10 Institute, Iia Jolla, California). A computational docking 
protocol will identify the active site or sites that are 
deemed important for protein activity based on a predicted 
protein model. Molecular databases, such as the Available 
Chemicals Directory (ACD) are then screened for molecules 
15 that complement the protein model. 

Using methods such as these, potential clinical drug 
candidates can be identified and computationally ranked in 
order to reduce the time and eacpense associated with 
typical ^wet lab' drug screening methodologies. 
2 0 Compoxinds identified through screening procedures as 

described above, and which are based on the use of the 
mutant nucleic acid and polypeptides of the invention, can 
also be tested for their effect on correcting the 
fTanctional deficit iipposed by other gene mutations in 
25 affected individuals including other ion channel subunit 
mutations. 

Such compounds form a part of the present invention, 
as do pharmaceutical coinpositions containing these and a 
pharmaceutically acceptable carrier. 

* 

30 • 

Pharmaceutical Preparations 

Compounds identified from screening assays and shown 
to restore ion channel wild-type activity can be 
administered to a patient at a therapeutically effective 
35 dose to treat or ameliorate epilepsy as well as other 
disorders associated with Ion channel dysfunction, as 
described above. A therapeutically effective dose refers 
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to that amount of the compound sufficient to result in 
amelioration of symptoms of the disorder. 

Toxicity and therapeutic efficacy of such coiqpounds 
can be determined by standard pharmaceutical procedxxres in 
5 cell cultures or eacperimental animals. !Ehe data obtained 
from these studies can then be used in the formulation of 
a range of dosages for use in humans. 

Pharmaceutical compositions for use in accordance 
with the present invention can be formulated in a 
10 conventional manner using one or more physiological 
acceptable carriers, excipients or stabilisers which are 
well known. Acceptable carriers, excipients or stabilizers 
are non-toxic at the dosages and concent rat iozxs en^loyed, 
and include buffers such as phosphate, citrate, and other 
15 organic acids; antioxidants including absorbic acid; low 
molecular weight (less than about 10 residues) 
polypeptides; proteins, such as serum albxuoin, gelatin, or 
immunoglobulins; binding agents including hydrophilic 
pol3fmers such as polyvinylpyrrolidone; amino acids such as 
20 glycine, glutamine, asparagine, arginine or lysine; 
monosaccharides, disaccharides, and other carb^l^)i^drates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugar alcohols such as mannitol or sorbitol; 
salt-formiiag counterions such as sodium; and/or n<»i-ionic 
25 surfactants such as Tween, Pluronics or polyethylene 
glycol (PEG) . 

*he formulation of pharmaceutical coxnpositions for 
use in accordance with the present invention will be based 
on the proposed route of administration. Routes of 
30 administration may include, but are not limited to, 
inhalation, insufflation (either through the mouth or 
nose), oral, buccal, rectal or parental administration. 



Diagnostic Applications 

Polynucleotide sequences encoding an ion channel 

subunit may be used for the diagnosis of epilepsy, as well 

as other as other disorders associated with ion channel 
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dysfunction, including but not restricted to, hyper- or 
l^ypo-kalemic periodic paralysis, mo/notonias, malignant 
hyperthexao&ia, xnyasthenia, cardiac eurrlaytbmias, episodic 
ataxia, migraine, Alzheimer's disease, Parkinson's 
5 disease, schizophrenia, hyperekplexia, anaciety, 

depression, phobic obsessive synptoms, neuropathic pain, 
inflammatory pain, chronic/acute pain, Bartter's syndrome, 
polycystic kidney disease. Dent's disease, 

hyperixxsulinemic hypoglycemia of infancy, cystic fibrosis, 

10 congenital stationary night blindness or total colour- 
blindness, and the use of the DNA molecules incorporated 
as part of the invention in diagnosis of these disorders, 
or a predisposition to these disorders, is therefore 
contemplated. The DUA molecules incorporating the novel 

15 mutation events laid out in Table 1 may be used for this 



^e polynucleotides that may be used for diagnostic 
purposes include oligonucleotide sequences, genomic jySA 
and complementary RMA and DHA molecules* ^e 
20 polynucleotides may be used to detect and quantitate gene 
escpression in biological sazqples. Genomic DHA used for the 
diagnosis may be obtained from body cells, such as those 
present in the blood, tissue biopsy, sxirgical specimen, or 
autopsy material. ThB DNA may be isolated and used 

25 directly for detection of a specific sequence or may be 
amplified by the polymerase chain reaction (PGR) prior to 
analysis. Similarly, RHA or cDIUL may also be used, with or 
without PGR amplification. To detect a specific nucleic 
acid sequence, hybridisation using specific 

30 oligonucleotides, restriction enzyme digest and mapping, 
PGR mapping, RIIAse protection, and various other methods 
may be employed. For instance direct nucleotide sequencing 
of amplification products from an ion channel subtinit or 
subunlts can be employed. Sequence of the sample amplicon 

35 is compared to that of the wild-type amplicon to determine 
the presence (or absence) of nucleotide differences. 

According to a further aspect of the invention there 
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is provided the use of a polyp^tide as described above in 
tbe diagnosis of ^ilepsy as well as other as other 
disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or hypo-kalemic 
periodic paralysis, aiyotonias, malignant l^perthermia, 
myasthenia, cardiac arrbythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease. 



5 



obsessive symptoms, neuropathic pain, inflammatory pain, 
10 chronic /acute pain, Bartter's syndrome, polycystic kidney 
disease, Denfs disease, hyper iasulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness or total coloxir-blindness . 

When a diagnostic assay is to be based upon proteins 
15 constituting an ion channel, a variety of approaches are 
possible. For example, diagnosis can be achieved by 
monitoring differences in the electrophoretic mobility of 
normal and mutant proteins that form the ion channel. Such 
an approach will be particularly useful in identifying 
20 mutants in which charge substitutions are present, or in 
which insertions, deletions or substituticms have resulted 
in a significant change in the electrophoretic migration 
of the resultant protein. Alternatively, diagnosis may be 
based upon differences in the proteolytic cleavage 
25 patterns of normal and mutant proteins, differences in 
molar ratios of the various amino acid residues, or by 
functional assays demonstrating altered function of the 
gene products. 

m another ac^peot, antibodies that specifically bind 
30 mutant ion channels may be used for the diagnosis of a 
disorder, or in assays to monitor patients being treated 
with a complete ion channel or agonists, antagonists, 
modulators or Inhibitors of an ion channel. Antibodies 
useful for diagnostic purposes may be prepared in the same 
35 manner as described above for therapeutics. Diagnostic 
assays for ion channels include methods that utilize the 
antibody and a label to detect a mutant ion channel in 
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human body fluids or in extracts of cells or tissues. !Che 

antibodies may be used with or without modification, and 

may be labelled by covalent or non-covalent attachment of 
a 

A variety of protocols for measuring the presence of 
mutant ion channels, including but not restricted to, 
' ELlSAs, RXAs, and FACS, are known in the art and provide a 
basis for diagnosing a disorder. The expression of a 
mutant ion channel or combination of mut:ant ion channels 
is established by combining body fluids or cell extracts 
taken from test mammalian subjects, preferably human, with 
antibody to the ion channel or channels under conditions 
suitable for coi^plex formation. The amount of complex 
formation may be quant itated by various methods, 
15 preferably by photometric means. Antibodies specific for 
the mutant ion channels will only bind to individuals 
ea^ressing the said mutant ion channels and not to 
individuals expressing only wild-type channels (le normal 
individuals). This establishes the basis for diagnosing 
20 the disorder. 

Once an individual has been diagnosed with a 



described above. Treatments can be direct:ed to amend the 
combination of ion channel subunit mutations or may be 
25 directed to one mutation. 



Microarray 

In further embodiments, cMaplet:e cDNAs, 
oligonucleotides or longer fragments derived from any of 

30 the polynucleotide sequences described herein may be used 
as probes in a microarray. The microarray can be used to 
diagnose epilepsy, as well as other disorders associated 
with ion channel dysfunct;ion, through the identification 
of genetic variants, mutations, and polymorphisms in the 

35 ion channel subunits that form part of the invention, to 
understand the genetic basis of a disorder, or can be used 
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to develop azxd monitor the activities of tlierapeut 
agents. 

According to a further aspect of the 
invention, tissue material obtained from animal 
generated as a result of the identification of 
ion chazmel subunit human mutations (see 
particularly those disclosed in the present 1 
be used in microarray experiments • These 
be conducted to identify the level of 
specific ion channel subunits, or any cXXMA. 
whole- tissue libraries, in diseased tissue as 
normal control tissue. Variations in the 
of genes, including ion channel subunits, between 
tissues indicates their possible involvement 



of 
from 
to 



the two 
in the 



15 disease process either 



original ion 
animal model. These 
gene function, to 
disorder, to 
monitor the activit 
may be prepared, used 
the art. (For example 
al., 1997). 



# 



as a 

subunit mutation present in the 

may be used to determine 

of a 

and to develop and 
:ic agent s • Mi croarray s 
using methods known in 
see Schena et al., 1996; Heller et 



a 



25 Trmsformed Hosts 

The present invention also provides for the 
production of genetically modified (knock-out, knock-in 
and transgenic), non-human animal models transformed with 
nucleic acid molecules containing the novel ion channel 

30 mutations or variants as laid out in Table 1. These 
animals are useful for the study of the function of ion 
channels, to study the mechanisms by which ccanbinations of 
mutations in ion channel subunits interact to give rise to 
disease and the effects of these mutations on tissue 
35 development, for the screening of candidate pharmaceutical 
compounds, for the creation of eicplanted mammalian cell 
cultures which express mutant ion channels or combinations 
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of mutant ion diannelS/ and for the evaluation of 
potential therapeutic interventions* 

Animal species which are suitable for use in the 
animal models of the present invention include, but are 
5 not limited to, rats, mice, hamsters, guinea pigs, 
rabbits, dogs, cats, goats, sheep, pigs, and non-human 
primates such as monkeys and chimpanzees* For initial 
studies, genetically modified mice and rats are highly 
desirable due to the relative ease in generating knock-in, 

10 knock-out or transgenics of these animals, their ease of 
maintenance and their shorter life spans. For certain 
studies, transgenic yeast or invesrtebrates may be suitable 
and preferred because they allow for rapid screening and 
provide for much easier handling. For longer term studies, 

15 non-htiman primates may be desired due to their similarity 
with humans. 

To create an animal model for a mutated ion channel, 
or an animal model incorporating a combination of 
mutations, several methods can be employed, ^ese include 

20 but are not limited to generation of a ^ecific mutation 
in a homologous animal gene, insertion of a wild type 
human gene and/or a humanized animal gene by homologous 
recombination, insertion of a mutant (single or multiple) 
human gene as genomic or minigene cDHA. constructs using 

25 wild type or mutant or artificial promoter elements or 
insertion of artificially modified fragments of the 
endogenous gene by homologous arecombination. ^e 
modifications include insertion of mutant stop codons, the 
deletion of DNA sequences, or the inclusion of 

30 recoi&bination elements (lox p sites) recognized by enzymes 
such as Cre reconibinase. 

To create transgenic or gene targeted (knock-in) 
mice, which are preferred, a mutant version of a 
particular ion channel subxinit or combination of subunits 

35 can be inserted into a mouse germ line using standard 
techniques of oocyte microinjection. Alternatively, if it 
is desired to inactivate or replace an endogenous ion 
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cbaanal subunlt gene, homologous recombination using 
embryonic stem cells nay be applied. 

For oocyte injecticm, one or more copies of the 
mutant ioa channel subunit gene, or combinations thereof, 
can be inserted into the pronucleus of a just-fertilized 
mouse oo<^e. This oocyte is then reimplanted into a 
pseudo-pregnant foster mother. The liveborn mice can then 
be screened for integrants using analysis of tail DN& or 
ma from other tissues for the presence of the particular 
human subunit gene sequence. The transgene can be either a 
complete genomic sequence injected as a YAC, BAG, PAC or 
other chramosc»Be DNA fragment, a complete cDNA with either 
the natural promoter or a heterologous paxxmoter, or a 
minigene containing all of the coding region and other 
15 elements found to be necessary for optimum expression. 

Once animals have been produced which contain a 
specific mutation in a particular ion channel stibunit, 
mating combinations may be initiated between such animals 
so as to produce progeny containing conibinatioas of two or 
more ion channel mutations. These animals effectively 
mimic combinations of mutations that are proposed here to 
cause human IGB cases. These animal models can 
subsequently be used to study the extent and mechanisms of 
disease as related to the mutated ion channel 
combinations, as well as for the screening of candidate 
therapeutic compounds. 

According to still another aspect of the invention 
there is provided the use of genetically modified non- 
human animals as described above for the screening of 
candidate pharmaceutical compounds (see drug screening 
above). These animals are also useful for the evaluation 
(eg therapeutic efficacy, toaticity, metabolism) of 
candidate pharmaceutical compounds, including those 
identified from the invention as described above, for the 
35 treatment of epilepsy as well as other as other disorders 
associated with ion channel dysfunction as described 



25 



30 



wo 03/008574 PCT/AU02/00910 

- 43 - 

It will be clea;cly understood that, although a xnimber 
of prior art publications are referred to herein, this 
reference does not constitute an admission that any of 
these documents forms part of the common general knowledge 
in the art, in Australia or in any other country. 

Throughout this specification and the claims, the 
words ^^comprise'' , ^comprises*' and ^ccaqprising" are used in 
a non-exclusive sense, except where the context: requires 
otherwise • 

It will be apparent to the person skilled in the art 
that while the invention has been described in some detail 
for the purposes of clarity and understaziding, various 
modifications and alterations to the embodiments and 
methods described herein may be made without departing 
from the scppe of the inventive concept disclosed in this 
jspecif ication. 

Brief Description of the Drawings 

Preferred forms of the invention will now be 
2 0 described, by way of example only, with reference to the 
following examples and the accompanying drawings, in 
which: 

Figure 1 provides an example of ion channel stibunit 
stoichiometry and the effect of multiple versus single ion 
25 channel subunit mutations. Figure lA: A typical channel 
may have five subunit s of three different types. Figure 
IB: In outbred populations complex diseases such as 
idiopathic generalized epilepsies may be due to mutations 
in two (or more) different subunit genes. Because only one 
3 0 allele of each subunit gene is abnormal, half the 
expressed subunits will have the mutation. Figure IC: In 
inbred populations, both alleles of a single subunit gene 
will be affected, so all expressed subunits will be 
mutated. Figure ID: Autosomal dominant disorders can be 
35 attributed to single ion channel subunit mutations that 
give rise to severe functional cozusequences / 

Figure 2 represents the location of mutations 
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identified in the ion channel subunits constituting the 
sodium channel, ^ese examples include both novel and 
previously identified mutations; 

Figure 3 provides examples of epilep^ pedigrees 
5 where mutation profiles of ion channel subunits for 
individuals constituting the pedigree have begun to be 
determined. These examples have been used to illustrate 
how the identification of novel ion channel subvmit 
mutations and variations in IGE individuals can combine to 
10 give rise to the disorder. 



20 
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35 



'»s for Performing the Invention 

Potassium channels axe the most diverse class of ion 
channel, •the C. elegraaB genome encodes about 80 different 
15 potassium chajmel genes and there are probably more in 
mammals. About ten potassium channel genes are known to be 
mutated in human disease and include four members of the 
KCNQ gene sub-family of potassium channels. KCMQ proteins 
have six transmembrane domains, a single P-loop that forms 
the selectivity filter of the pore, a positively charged 
fourth transmembrane domain that probably acts as a 
voltage sensor and intracellular amino and carboxy 
termini, fflie C terminus is long and contains a conserved 
«A domain" followed by a short stretch thought to be 
involved in subunit assenibly. 

Pour KCMQ subunits are thought to conibiae to form a 
functional potassium chanaal. All five known KCMQ proteins 
can form bomomeric channels la vitro and the formation of 
heteromers appears to be restricted to 
combinations . 

Sodium (the alpha subunit) and calcium channels are 
thought to have evolved from the potassium channel 
subunit, and they each consist of four domains ccyvalently 
linked as the one molecule, each domain being e<juivalent 
to one of the subunits that associate to form the 
potassium channel. Each of the four domains of the sodium 
and calcium channels are comprised of six transmembrane 
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segments. 

Voltage-g-ated sodium chazmels are required to 
generate the electrical excitation in neurones, heart ar^^^ 
skeletal muscle fibres, which express tissue specific 



encoding sodium channel alpha subunits and 3 genes 
^coding different beta subunits have so far been 



not associate with the alpha subunits to form any part of 
the pore, they do however affect the way the alpha pore 
forming subunit fxinctions. 

As with sodium channels, calcium channels consist of 
15 a single pore forming alpha subunit, of which at least six 
types have been identified to date, and several accessory 
subunits including four beta, one gamma and one alpha2- 
delta gene. Many of these subunits also encode multiple 
splice variants adding to the diversity of receptor' 
2 0 subxmits of this family of ion channels. 

^e ion channels in the nAChR/GABA super family show 
a theoretical pentameric channel. Gamma -Aminobutyric acid 
(GABA) is the most abundant inhibitoary neurotransmitter in 
the central nervous system. GABA-ergic inhibition is 
25 mediated by two major classes of receptors, type A (GABA- 
A) and type B (GABA-B) . GABA-B receptors are members of 
the class of receptors coupled to G-proteins and mediate a 
variety of inhibitory effects via secondaary messenger 
cascades. GABA-A receptors are ligand-gated chloride 
30 channels that mediate rapid inhibition. 

Ihe GABA-A channel has 16 separate, but related, 
genes encoding subunits. ^ese are grouped on the basis of 
sequence identity into alpha, beta, gamma, delta, epsilon, 
theta and pi subunits. OSiere are six alpha subunits (Ol- 
35 aS), three beta subunits (^1-^3) and three gamma subunits 
(Y1-Y3 ) . Each GABA-A receptor comprises five subunits which 
inay# at least in theory, be selected from any of these 
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O^he beta subunits of the sodium chaianels do 
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subunlts . 

Neuronal nicotinic acetylcholine receptors (nAChRs) 
consist of heterologous pentamers comprising various 
combinations of alpha subunits or alpha and beta subunits 
(a2-a9; ^2-^4) . oaie alpha subunits are characterised by 
adjacent cysteine residues at amino acid positions 192 and 
193, and the beta subunits by the lack of these cysteine 

They cure ligand-gated icm channels 
expressed throughout the brain to form 
10 physiologically and pharmacologically distinct receptors 
hypothesised to mediate fast, excitatory transmission 
between neurons of the central nervous system or to 
modulate neurotransmission from their presynaptic 
position. 

^5 la chicken and rat, the predomiziant nAChR STibtype is 

composed of alEdia-4 and beta-2 subtinits. The transmembrane 
2 (M2) segments of the subunits eure arranged as alpha 
helices and contribute to the walls of the 
neurotransmitter-gated ion channel. The alpha helices 

20 appear to be kinked and orientated in such a way that the 
side chains of the highly conserved M2-leucine residues 
project inwards vhen the channel is closed. ACfli is thought 
to cause a ccaiformational change by altering the 
association of the amino acid residues of M2. The opening 

25 of the channel seems to be due to rotations of the gate 
forming side chains of the amino acid residues; the 
conserved polar serines and threonines may form the 
critical gate in the open channel. 

30 Example Is Identification of mutations in ion channels 

Previous studies by reference (Wallace et al., 1998; 
PCT/AU01/00S81; Wallace et al., 20011>; Australian patent 
AU-B-5 6247/9 6; Steinlein et al., 1995; PCT/AUOl/00541; 
Phillips et al., 2001; PCT/ACTOl/00729; PCT/AUOl/01648; 

35 Wallace et al., 20Dla, the disclosures of which are 
incorporated herein by reference) have identified 
mutations in a number of ion channel subunits associated 
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with epilepsy, OOiese include ion channel subunits of 
voltage-gated (eg SCWIA, SCHlB, KCNQ2, KCMQ3) or ligand- 
gated (eg CHRXaA4, CHEUD3B2, GABR62, G21BRD) types. To 
identify further mutations in ion channel genes, subxinits 
5 which CCTiprise the ion channels were screened for 
molecular defects in epilepsy patients. 

Human genomic sequence available from the Human 
Genome Project was used to characterize the genomic 
organisation for each subunit gene. Each gene was 
10 subseg[uently screened for sequence chemiges using single 
strand confonoation polymorphism (SSCP) analysis in a 
large sanqple of epileptics with common sporadic I6E 
subtypes eg juvenile myoclonic epilepsy (OlOE), childhood 
absence epilepsy (CAE), juvenile absence epilepsy (JAE) 
15 and epilepsy with generalized tonic-donic seizures (TCS) . 
Clinical observations can then be compared to the 
molecular defects characterized in order to establish the 
combinations of mutant subunits involved in the veirious 
disease states, and therefore to psrovide validated drug 
20 targets for each of these disease states. OThis will 
provide a basis for novel drug treatments directed at the 
genetic defects present in each patient. 

^e coding sequence for each of the ion channel 
subunits was aligned with human genomic sequence present 
25 in available databases at the National Centre for 
Biotechnology Information (NCBI) . The BIiASTN algorithm was 
typically used for sequence alignment and resulted in the 
genomic organisation (intron-exon stanicture) of each gene 
being determined. Where genomic sequence for an ion 
30 channel subxmit was not available, BACs or PACs containing 
the relevant ion channel subunit were identified through 
screening of high density filters containing these clones 
and were subsequently sequenced. 

Availability of entire genomic sequence for each ion 
35 channe l sxibunit facilitated the design of intronic primers 
^panning each exon. These primers were used for both high 
throughput SSCP screening and direct DNA sequencing. 
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Eacainple 2: Sample preparation for SSCP 

A large collection of individuals 
epilepsy have iindergone careful clinical 
additional data regarding their family 
collated. Informed 
individual for blood collection and its use 
eatperimental procedures. Clinical phenotypes 
classical IGB cases as well as GEIFS+ and 



affected with 



consent was obtained from each 



incorporated 



to 



DMA was extracted from collected blood using 
I»IA Blood Maxi kit (Qiagen) according 
manufacturers ^ecifications or through procedures 
from Vfymaxi and White (1980). Stock DNA samples were 
at a concentration of 1 ug/ul. 

In preparation for SSCP analysis, samples to 
screened were formatted into 96-well plates at 
concentration of 30 ng/ul. These master plates were 
STibsequently used to prepare exon specific PCR reactions 
in the 9 6 -well fomat. 



be 

a 



25 



30 



35 



Exaaqple 3: Identification of sequence 
channel genes 



in xon 



SSCP analysis of specific 
by sequencing of SSCP 

COTistituting the 96-well plates to identify 



bandshifts was performed on 



Primers used for SSCP were labelled at their 5' end 
with HEX and typical PCR reactions were performed in a 
total voltune of 10 |xl. All PCR reactions contained 67 mU 
Tris-HCl {pa 8.8); 16.5 mM {Na^)2S0^9 6.5 [M EDTA; 1.5 mM 
BfeCla; 200 im each dMTP; 10% DMSO; 0.17 mg/ml BSA; 10 mM p- 
mercaptoethanol; 5 lug/ml each primer and 100 U/ml Taq DMA 
polymerase. PCR reactions were performed using 10 cycles 
of 94''C for 30 seconds^ eo^'C for 30 seconds, and 72''C for 
30 seconds followed by 25 cycles of 94**C for 30 seconds, 
SS^'C for 30 seconds, and 72*'C for 30 seconds. A final 
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eactension reaction for 10 minutes at 72*^0 followed. 

Twenty |li1 of loading dye comprising 50% (v/v) 
formamide, 12.5 mEI EDTA and 0.02% (w/v) broanophesaol blue 
were added to coznpleted reactions which were subsequently 
5 run on non-denaturing 4% polyacrylamide gels with a cross- 
linking ratio of 35:1 ( aery laadde; bis -acrylaxnide) and 
containing 2% glycerol. Gel thickness was lOOym, width 
168inm and length ISOinm. Gels were run at 1200 volts and 
approximately 20mA, at 22*^0 and axxalysed on the GelScan 
2000 system (Corbett Research, Australia) according to 



10 



PCR products showing a conformational change were 
subsequently sequenced. This first involved re- 
amplification of the amplicon from the relevant individual 
15 (primers used in this instance did not contain 5' HEX 
labels) followed by purification of the PCR amplified 
templates for seopiencing using QiaQuick PCR preps (Qiagen) 
based on manufacturers procedures. The primers used to 
sequence the purified amplicons were identical to those 
20 used for the initial amplification step. For each 
sequencing reaction, 25 ng of primer and 100 ng of 
purified PCR teznplate were used. The BigDye sequencing kit 
(ABZ) was used for all sequencing reactions according to 
the manufacturers specifications, oaie products were run on 
25 an ABX 377 Sequencer and analysed using the EditView 



Table 1 shows the novel sequence changes identified 
in the ion channel subunits to date. 



30 Example 4 s Nicotinic Acetylcholine Receptor Mutations 
outside SO Domain 

Initially, a rare variant (1225S) of the CHRMA4 
subunit (also referred to as I257S) originally identified 
by Phillips et al., 1998) was examined functionally. 
35 Sequence analysis of the I225S CHRUA4 protedLn reveals that 
this amino acid change lies within the putative Ml segment 
of the protein and therefore raises the question of its 
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possible effects on the receptor physiological properties. 
To ex:aiiiine possible receptor modifications, expression 
experiments in XenopuB oocytes were designed. However^ 
because it is known that all patients that carry this 
5 mutation are heterozygous all experiments were carried out 
by co-expression of equal axnounts of the patient control 
and mutated cDNA. iVmplitude of the ACh-evoked currents 
evoked by saturating agoziist concentrations showed no 
significant difference between the control grift 

10 heterozygous expression. A marked difference was, however, 
observed when examining the rec^tor sensitivity to 
acetylcholine (ACh) . fiflutant containing receptors display a 
greater response at low AC3i concentrations than their 
control cotmterpart . As previous functional studies of the 

15 first CHRWA4 mutation (S248P, Phillips et al-, 1995) 
showed an increased receptor desensitization, the time 
course of the response for the X225S mutation was 
thoroughly monitored. Results showed that the average time 
course of the ACh-evoked current was not significantly 

20 different from the control and therel:^ suggests a minimal 
effect of this Ml mutation on the receptor desensitization 
propextiies . 

lyiutation screening by SSCP analysis of aDNFIiE 
affected individuals has lead to the identification of a 

25 further 3 mutations in the CHRN&4 subunit gene that fall 
outside of the £02 domain (R336C, R369Q and P474R) as well 
as 4 new CHia9B2 mutations that also lie outside the M2 
domain {T26M, L301V, V308A and 6412D) . To test the 
ftmctional significance of these mutations the Zi30lv 

30 CHR£aB2 mutation was examined in Xenopus oocytes using 
similar approaches as for the I225S mutation in CHRNA4. 

Results from these experiments showed that the L301V 
mutation caused no significant changes at the current 
aznplitude evoked by saturating ACh concentration but a 

35 pronounced increased in agonist sensitivity was observed 
at the dose-response curve. In addition, the time course 
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of the ACh- evoked current of the mutant receptors exhibits 
less desensitization* 

The report of a naturally occurring mutation in a 
nACOiR subunit associated with ADMFI£ was the first genetic 
5 proof that ligand-gated chazmels cause seizures. 
Description of other mutations rapidly followed, 
demonstrating for the first time the role of nAChRs in 
brain function. Interestingly, the nAChR subunit mutations 
identified to date were all located inside or adjacent to 
10 the M2 domain of the protein. The common physiological 
trait observed between the mutant receptors is an increase 
in their sensitivity to ACh. In view of the distribution 
of mutations it was thought that only mutaticms in the M2 
domain may lead to brain dysfunction. 
15 "Ehe identification of two new, and spontaneously 

occurring, mutations that are outside the M2 domain raises 
new insights into the causes of ADFNLE. Despite the lack 
of crystallographic data for the transmembrane domain it 
is generally accepted that the Ml domain must be formed by 
20 an alpha-helix. Controversy exists, however, on the 
structure of the M3 domain and based on sequence 
homologies with other proteins it was proposed that the 
upper part of this transmembrane segment forms an alpha- 
helix while ' the lower part may form a beta-sheet* 
25 According to this model the CHRNB2 1.3 OIV mutation must be 
near the junction between the alpha-helix and the beta- 
sheet, a localization that may be critical for the overall 
protein structure. 

Mbdificatlons to the nACh receptor functional 
30 properties were characterised as for the other mutations. 
Determi n ation of the ACh dose-response curves revealed, as 
for the previously characterized n2^hR mutants, a 
significant increase of the sensitivity of the mutant 
receptor cosapared to the control wild-type receptors. 
35 Comparison of the shift in ACh sensitivity of the nAChR 
mutations now studied functionally has revealed 
significant differences. Correlations between these 
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changes In functional properties with either the disease 
penetrance or severity are, however, difficult to xoake in 
view of the restricted number of cases affected by each 
mutation. 

5 Modification of the ACh sensitivity can be 

accompanied by an alteration of the response time course. 
Two possibilities can be envisaged with either an increase 
or a decrease in the desensitization profile. Examples of 
increased desensitization have already been reported for 
10 the CHRNA4 S248P or 776ins3 mutants (Bertrand et al., 
1B98). Averagizig normalized responses of the CBiaiA4 122 5 S 
mutant receptor readily illustrates that no significant 
modification of the response time course can be observed 
versus the controls recorded in the same batcdi of oocytes. 
15 In contrast, a significant reduction of the 
desensitization time course is observed for the CHRNB2 
L301V mutant. Moreover, computing the ma^^m^r^i ACh evoked 
currents for the control and the L301V mutant revealed 
that cells expressing this mutant receptor di^lay larger 
20 currents. While at present this increase dLn mean current 
can be attributed either to a higher level of protein 
egression or to a differ^ice in single channel properties 
these data suggest that the L301V mutation causes a gain 
of function. 

The number of distinct mutations associated with 
ADNFLE further illustrates the iiaportance of the nAChRs in 
the triggering of seizures of patients suffering from this 
form of epilepsy. Constituting the first report of 
mutations localized outside the critical M2 segment the 
30 nACabR subunit mutaats functionally characterized herein 
present the typical common trait of an increase in ACh 
sensitivity. These results indicate that mutations may 
occur in many different segments of the protein and 
therefore largely extend the probability of spontaneous 
35 occurrence. This probability is even higher, given that a 
mutation in either the CHRNA4 or CHRNB2 subunit is 
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sufficient to cause a functional alteration of the 



Methods 

5 ])Autation analysis of CHBNB2 

Single stranded conformation polymorphism (SSCP) 
analysis and sequencing were performed on individuals with 
epil^Sy (ADHFLE) to identify disease causing mutations in 
the CHBN&4 and CHR23B2 genes. 
10 Primers used for SSCP were labelled at their 5' end 

with HEX. Obe primers were designed within flanking CHRN214 
or CHBNB2 introns to enable amplification of each exon of 
the genes. Typical PCR reactions were performed in a total 
volume of 10 |jil using 30 ng of patient DNA. PGR reactions 
15 were performed in 96 well plates or 0.5 xal tubes depending 
on batch size, and contained 67 aOBII Tris-HCl (pH 8.8); 16.5 
xnM (£aH4)2S04; 6.5 [SJA EDTA/ 1.5 mM HgCla; 200 im each dNTP; 
10% JXSSO; 0.17 mg/ml BSA; 10 mM p-mercaptoethanol; 15 }ig/ml 
each primer and 100 U/ml Taq DNA. polymerase. PCR reactions. 
20 were performed using 10 cycles of 94^C for 30 seconds, 60''C 
for 30 seconds, and 72% for 30 seconds followed by 25 
cycles of 94''C for 30 seconds, SS^'C for 30 seconds, and 
72^C for 30 seconds. A final extension reaction for 10 
minutes at 72*^0 followed. Twenty pi of loading dye 
25 comprising 50% (v/v) formamide, 12.5 xm EDTA and 0.02% 
(w/v) brompphenol blue were added to completed reactions 
which were subsequently run on non-denaturing 4% 
polyacrylamide gels with a cross- linking ratio of 35:1 
(acrylamidezbis-acrylamide) and containing 2% glycerol. 
30 Gel thickness was 100pm, width 168mm and length 16Qmm. 
Gels were run at 1200 volts and approximately 20mA, at 
ambient temperature using the GelScan 2000 system 
(Corbettt Research, Australia) according to manufacturers 
specifications. Results were subsequently analysed using 
35 the QNE-Dscan gel analirsis software package (Scanalytlcs 
Inc.) . 
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PCR products showing a conformational change mre 
subsequently sequenced. -mis first involved re- 
ajuplification of the relevant an©licon using priiaers 
without the 5' HEX addition followed by purification of 
5 the PCR amplified texnplates for sequencing using QiaQuick 
PCR preps (Qiagen) based on manufacturers procedures. ThB 
primers used to sequence the purified nAChR subunit 
ampl icons were identical to those used for the initial 
amplification step. For each sequencing reaction, 25 ng of 
10 primer and 100 ng of purified PCR template were used.. The 
Bigpye sequencing kit (ABl) was used for all sequencing 
reactions according to the manufacturers specifications. 
The products were run on an ABI 377 Sequencer and analysed 
using the KditView program. 
15 The sequCTtcing strategy revealed a nuxober of 

nucleotide substitutions in both the CHRKB14 and CHRNB2 
genes which were i^cif ic for affected individuals and not 
present in the normal population. 

For 3 epilepsy specific mutations were 

20 identified in the intracellular loop. These included a C-»T 
transition at nucleotide position 1006 of the coding 
sequence, a G-»A transition at nucleotide position 1106 of 
the coding sequence and a C-»G transition at nucleotide 
position 1421 of the coding sequence. These nucleotide 
25 substitutions lead to R336C, R369Q and P474R amino acid 



For CHRNB2^ 4 epilepsy specific mutations were 
identified, ^se included a C->T transition at nucleotide 
position 77 of the coding sequence which lies in the 

30 signal sequence, a c->0 transition at nucleotide position 
901 and a T-K! transition at nucleotide position 923 of the 
coding sequence which lie in the IB domain, and a G-»A 
transition at nucleotide position 1235 of the coding 
sequence. These nucleotide substitutions lead to T26M, 

35 L301V, V308A and G412D amino acid changes respectively. 

Xenox>us Oocyte expression 
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Oocytes haxirested from mature Xenopus females were 
Isolated and prepaired following standard methods 
(Bertrand, 1S91) • On the day following dissociation, 
oocytes were injected in their nucleus with 2 ng of cDK2L 
5 eaipression vector. Mixtures of cDN2^ were injected in 
equal quantity. To decrease the chance of contamination 
each oocyte was kept in a separate well of a 9 6 -well 
microtiter plate (NUNC) at 18<^C. During incubation time 
oocytes were kept in BARTH solution that contained: 88 mM 
10 NaCl, 1 sfM KCl, 2.4 vm N^COa, 10 mM HEPES, 0.82 vOA HgS04 
7H20, 0.33 sM Ca(N03)2 •4H20, 0.41 ittN CaCl2.6H20, pB 7.4 
adjusted with NaOH, and 100 unit /ml penicillin. 



Recording of nAChR properties 

15 Two to three days after injection, oocytes were 

probed for their response to ACh. Oocytes were Impaled 
with two electrodes and their electrophysiological 
properties determined using a two electrodes voltage-clamp 
(GSNSCIJ^ amplifier, Axon Instruments, Forster City, GA) . 

20 Electrodes were made of borosilicate capillary glass 
pulled with a BB-CH-PC puller (MecaneK, Switzerland) , and 
filled with a filtered 3M KCl. During the egper iments 
oocytes were continuously superfused with 0R2 that 
contained: (82.5 aOS NaCl, 2.5 mM KCl, 2.5 bM CaCl2f 5 mM 

25 HEPES, pH 7.4 adjusted with NaOH) . ^fhe flow was fed by 
gravity at approximately 6 ml/min and conputer-driven 
elect roBiagnetic valves controlled drug application. Unless 
specified, the holding potential was -100 mV and 
eicperiments were performed at 18<>C. 

30 

Example 5: Digenic model exaxnples 

In sooBie instances a single mutation in an ion channel 
alone is insufficient to give rise to an epilepsy 
phenotype. Bowever combinations of mutations each 
3 5 conferring a subtle change of function to an ion channel, 
as proposed by the digenic model (PCT/AUOl/ 00872 ) , may be 
sufficient to produce an ^ilepsy phenotype* 
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-se- 
nsing the nnitatlons axxd variations in ion channel 
subunits that form part of this invention, the digenic 
model may be validated through a parametric analysis of 
large families in Tidiich two abnormal alleles co-segregate 
5 by chance to identify mutations which act co-operatively 
to give an epilepsy phenotype. It is envisaged that the 
strategy of careful clinical jdaenotyping in these large 
families, ^ together with a linJcage analysis based on the 
digenic hypothesis will allow identification of the 
10 mutations in ion channels associated with IGEs. if 
molecular genetic studies in I<ffi are successful using the 

hypothesis, such an approach might serve as a 
lei for other disorders with complex inheritance. 

a*he digenic hypothesis predicts that the closer the 
15 genetic relationship between affected individuals, the 
more similar the sub -syndromes, consistent with published 
data (Italian League Against Epilepsy Genetic 
Collaborative Group, 1993). This is because more distant 
relatives are less likely to share the same combinations 
2 0 of mutated subunits. 

Identical twins have the same pair of mutated 
subunits and the same minor alleles so the sub-syndromes 
are identical. Affected sib-pairs, including dizygous 
twins, with the same sub-syndrome would also have the same 
25 pair of mutated subunits, but differences in minor alleles 
would lead to less similarity than with monozygous twins. 
Some sib-pairs and dizygous twins, have quite different 
sub-syndromes; this would be due to different combinations 
of mutated subunits, when the parents have more than two 
30 mutated alleles between them. 

A special situation exists in inbred cootmnunities that 
parallels observations on autosomal recessive mouse 
models. Here the two mutated alleles of the digenic model 
are the same and thus result in a true autoscMoal recessive 
35 disorder. Because all affected individuals have the same 
pair of mutated alleles, and a similar genetic background, 
the phenotypes are very sixailar. 
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In outbred conmninities approKixoately 1% of the 
population would have IGE genotypes (2 mutated alleles) 
and 0.3% would clinically esipress X6S. Most of these would 
have mutations in two different chazmel subunits. In such 
5 coxamunities most cases would appear ^"^sporadic^ as the risk 
to first degree relatives would be less than 10% • 

For exazDple, let there be three IGE loci (A,B,C) and 
let the frequency of abnormal alleles (a*,b*,c*) at each 
locus be .027 and of normal alleles (a, b, c) be .973. 
10 Then, the distribution of genotypes aa"^, a*a, a*a* and aa 
at locus A will be .0263 (.027 x .973), .0263, .0007 and 
.9467 respectively, and similarly for loci B and C. In 
this population .8485 will have no imitated alleles 
(.9467^), .1413 will have one mutated allele (a* or b'^ or 
15 G*i .0263 X .9467^ x 6), .0098 will have two abnormal 
alleles (.0020 two same abnormal alleles, .0078, two 
different abnoimal alleles) and 0.00037 will have more 
than two abnormal alleles. Ttxn& in this population .01, or 
1%, will have two or more abnormal alleles (IGE genotype), 
0 and the total abnormal allele frequency will be .08 (3 x 
.027) . 

To determine the familial risks and allele patterns 
in affected pairs, the frequency distribution of 
population matings and the percentage of children with 2 
5 or more abnormal alleles must be determined. The frequency 
of matings with no abnormal alleles (0 ac 0) is .72 
(.8485^), for 1x0 and 0x1 matings .24 (2 x .8485 x 
.1413), for a 1 X 1 mating .020, and for 2x0 and 0x2 
matings .0166 etc. From this distribution of matings the 
0 frequency of children with 2 or more abnormal alleles can 
be shown to be .01. For example, the 0x2 and 2x0 
matings contribute .0033 of this .01 frequency (.0166 
[mating frequency] x .2 [chance of that mating producing a 
child with 2 or more abnormal alleles] ) • 
5 To determine parental risk it can be shown that of 

children with 2 alsnormal alleles (IGE genotype), .49 
derive from 1x1 matings where no parent is affected, .33 
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derive from a 2 x 0 aad 0 k 2 matiogs etc. For the 2x0 
and 0x2 matlngs, half the parents have X6& genotypes and 
cscntribute .16 (.33/2) to the parental risk with the total 
parental risk of an IGE g^otype being .258. OOie other 
5 matlngs that contribute to affected parent -child pairs are 
2x1, 1x2, 3x0, 0x3 etc. 

ThB sibling risk of an X6fi genotype is .305. For 
example 2x0 azid 0x2 matings contributed .08 to the 
sibling risk ( .33 [fraction of children with 2 abnormal 

10 alleles] x •25[t:he chance of that mating producing a child 
with 2 or more abnormal alleles]}. Similarly the offspring 
risk was determined to be .248 by mating individuals with 
2 abnormal alleles with the general population, llhus at 
30% penetrance the risk for I6E phenotype for parents of a 

15 proband is .077, for siblings .091, and for offspring 
.074. 

It can be shown that affected sib pairs share the 
same abnormal allele pair in 85% of cases. This is because 
of all affected sib pairs 44% derive from 1x1 matings 
20 and 23% from 0x2 and 2x0 matings where all affected 
siblings have the same genotype. In contrast, 24% derive 
from 1x2 matings and 9% from 3x1 and 2x2 matings etc 
wlaere affected sibling genotypes sometimes differ. 

For affected parent-child pairs, genotypes are 
25 identical in only 58%. Of affected parent child pairs, 43% 
derive from 0x2 matings where gentoypes are identical, 
whereas 3B% derive from 0x3 and 17% from 1x2 iribere the 
majority of crosses yield different affected genotypes. 

Based on the digenic model it has l>een postulated 
30 tliat most classical I6E and GEFS*** cases are due to the 
combination of two mutations in multi-subunit ion 
channels. These are typically point nutations resulting in 
a subtle cliange of function. The critical postulate is 
that two mutations, usually, but not exclusively, in 
35 different subunit alleles ("^digenic model^), are required 
for clinical es^ression of I6E. 
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The hypothesis that similar pheziotypes can be caused 
by the coxnbination of mutations in two (or more) different 
subunlts (outbred communities), or by the same mutation in 
two (or more) alleles of the same subunit (inbred 
5 communities), may seem in^lausible* However, applying the 
digenic hypothesis to the theoretical pentameric channel 
shown in Figure 1, in outbred communities IGE will be due 
to subunit combinations such as a*(Xp*PA, a*aPPA* or aap*PA* 
(imitated subunits indicated by *)• in inbred communities 
10 a*a*PPA or aaP*p*A combinations might cause lOS phenotypes. 
We assume that the mutations will not cause reduced 
e3spression of the alleles and that the altered ion channel 
excitability, and consequent X6E phenotype, caused by 
mutations in two different alleles is similar to that 
15 caused by the same mutation in both alleles of one 
subunit. Finally, subunit mutations with more severe 
functional consequences (eg breaking a disulphide bridge 
in SCNIB or amino acid substitution in the pore forming 
regions of SCNIA for GEFS^) cause autosomal dominant 
20 generalized epilepsies with a penetrance of 60-90%. Such 
^severe'' nutations are rare (allele frequency <0.01%) and 
are infrequent causes of 6EFS*. !Z3iey very rarely, or 
perhaps never, cause classical I6E. 

Xhe relative separate segregation of classical I6E 
25 and GEFS^ phenotypes is an anecdotal clinical observation 
of ours (Singh et al., 1999), although the separation is 
not absolute. The separation is supported }yy previous 
family and EEG studies of Doose and colleagues who 
described «type A*' and *type B-' liabilities wliich we may 
30 approximate the GEFS"^ and classical X6E groupings 
respectively (Doose and Baier, 1987). 

nie digenic model predicts that affected sib pairs 
will share the same genes in 85% of cases whereas they 
will have at least one different allele in the remaining 
35 15%. In contrast, only 58% of parent-child pairs share the 
same alleles in a 3 locus model. £hus tbere should be 
greater similarity of syndromes between sibling pairs than 
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parent-child pairs. This would be most objectively 
measured by age of onset and seizure types. 

Estixnates for the risk of febrile seizures or IGE in 
relatives vary. !Che estimates range from 5%-10% for 
5 siblings, 4%-6% for offspring, 3%-6% for parents, and 2-3% 
for grandparents. Underestimation may occur because IGE 
manifest in youth, and parents and partictQarly 
grandparents may be unaware of seizures in themselves in 
younger years. This is particularly true where there was 
10 stigma associated with epilepsy and where the epilepsy may 
have been mild and unrecognized. ttaderestimation of 
sibling and offspring risks occurs when unaffected young 
children are counted, some of whom will develop IGE in 
adolescence. Overestimation may occur with misdiagnosis of 
15 seizures or inclusion of seizures unrelated to IGE (e.g. 
due to trauma or ttamors) 

In autosomal dominant models the risk to affected 
relatives reduces proportionally (50% for first degree 
relatives, 25% for second degree etc) . For all oligogenic 
20 or polygenic models the risk decreases more quickly. For a 
digenic model with three loci, the risks are 9.1% for 
siblings, 7.4% for offspring, 7.7% for parents; Rigorous 
measurement of the familial recurrence rates, with careful 
phenotyping and age-corrected risk estimates could be 
25 compared with the predictions from the digenic model, and 
it is proposed to do this. 

*here is a small amount of information on IGE 
families regarding haplotype distribution. For exai^ple, 
there is some evidence for a locus on 8q as determined by 
30 parametric linkage in a single family (Fong et al., 1998) 
and by non-parametric analysis in multiple small families 
(Zara et al., 1995). Interestingly, in the latter study 
the 8q haplotype not infrequently came from the unaffected 
parent. This would be quite compatible with the digenic 
35 model and evaluation of other data sets in this manner 
could be used to test the hyE>othesis, and it is proposed 
to do this. 
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Following the analysis o£ one large family with 
epilepsy where the two main phenotypes were childhood 
absence epilepsy (CAE) and febrile seizures (FS), the 
inheritance of FS was found to be autosomal dominant and 
5 the penetrance 75%. However the inheritance of CAE in this 
family was not simple Hendelian, but suggestiTre of coQaqplex 
inheritance with the involvement of more than one gene. 
The power of this large family was used to eacplore the 
coinplex genetics of CAE further. 
10 Linkage analysis on this family in which individuals 

with CAE, FS and FS4- were deemed affected led to the 
detection of linlcage on chromosome Sq and identification 
of a mutation in the 6ABR62 gene (R43Q) which is localised 
to this region (Wallace et al., 2001a; PCT/ADOl/00729} . 
15 All 10 tested individuals with FS alone in this family had 
this mutation and 7 CAE affected individuals in this 
family also had the mutation. To test the digenic model of 
IGSs in the CAE affected individuals, the tohole genome 
scre^ of this family was reanalysed with only individuals 
20 with CAE cosisidered affected. Linlcage analysis was 
performed using FASTIiINK v4.0, two-point led scores were 
calculated assuming 50% penetrance and a 2% phenocopy rate 
and individuals with FS or FS+ were coded as unknown. 
Markers producing a lod score greater than 1 were 
25 reanalysed without a phenocopy rate and at the observed 
penetrance for CAE in this family (30%). Results from the 
analysis revealed significant linkage to chromosome 14q[22- 
q23 (lod 3.4). VShLs provides strong evidence for a second 
locus segregating with CAE affected individuals in this 
30 family. Maile the GABR62 mutation is sufficient to cause 
FS, the CAE phenotype is thought to be due to both the 
GABR62 mutation and a mutation occurring in a gene mapping 
to the 14q locus, as proposed by the digenic model. 

For the application of the digenic model to sporadic 
35 cases of I6E and affected individuals belonging to smaller 
families in which genotyping and linkage analysis is not a 
feasible approach to disease gene identification, direct 
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imitation analysis of ion channel genes in these 
individuals has been carried out as described above. In 
arable l there is provided an indication of novel genetic 
alterations so far identified through mutation analysis 
5 screening of these individuals. Figure 2 provides an 
example to indicate where some of these mutations have 
occurred with respect to the sodium channel genes. 

•Ehe identification of novel mutations and variation 
in ion channel subunits in IGE individuals provides 
resources to further test the digenic hypothesis and 
mutation profiles are starting to accumulate for a number 
of subunit changes that are observed in the same 
individuals. Figure 3 provides results from some of these 
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35 



Figure 3A shows a 3 generation family in which 
individual lll-l has myoclonic astatic epilepsy and 
contains a N43del mutation in the SCN3A gene as well as an 
A1067T mutation in the SCNIA gene. Individual I-l also has 
the SCN3A mutation but alone this mutation is not 
stiff icient to cause epilepsy in this individual. The SCWSA 
mutation has likely been inherited from the grandfather 
through the mother, while the SCNIA mutation is likely to 
arise from the father. Both parents are unaffected but 
have yet to be screened for the presence of the mutations 
in these subunits. Individual ii-i is likely to contain an 
as yet unidentified ion channel subunit mutation acting in 
co-operation with the SCII3A mutation already identified in 
this individual. 

Figure 3B is another 3 generation family in which 
individual Ill-l has nvoclonic astatic epilepsy due to a 
combinaticm of the same SCN3A and sCNlA mutations as 
above. However, in this family both parents have febrile 
seizures most likely due to the presence of just one of 
the mutations in each parent, as proposed by the model. 
This is in contrast to individuals II-2 and 11-3 in Figure 
4A who also contain one of the mutatlcms in these genes 
eaxjh. Olliese individuals are phenotypically normal most 
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likely due to inc^Enplete penetrance of these imitations 



10 



in 



Figure 3C shows a larger mult i -generation family in 
which individual IV- 5 has a mutation in both the SCN3A and 
5 GABR62 subunits. In combination/ these give rise to severe 
myoclonic epilepsy of infancy but alone either cause 
febrile seizures (GABIU32 mutation in III-3 and IV-4) or 
are without an effect (SCN3A mutation in III-2) as 
proposed by the model. 

TOiese escaxnples therefore illustrate the digenic model 
as determined from mutation analysis studies of ion 
channel subunits in affected individuals and highlight the 
need to identify genetic alterations in the genes encoding 
ion channel subunits. 
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^Bscample 6: Analysis of 

The following methods 
structure and function of 
subunits. 



and receptor subunits 
are used to determine the 
ion channels and ion channel 



20 



Molecular biological studies 

The ability of any one of the ion chazmels that form 
part of this invention to bind known and unknown proteins 
as a whole or through individual subunits can be examined. 
25 Procedures such as the yeast two-hybrid system are used to 
discover and identify any functional partxiers. The 
principle behind the yeast two-hybrid procedure is that 
many eufcaryotic transcriptional aetivatora. 











1 



30 The first is a DNA-binding domain that binds to a specific 
promoter sequence and the second is an activaticoi domain 
that directs the RNA polymerase II can^lex to transcribe 
the gene downstream of the DNA binding site. Both domains 
are req^ired for transcriptional activation as neither 
domain can activate transcription on its own. In the yeast 
two-hybrid procedure, the gene of interest or parts 
thereof (BAIT), is cloned in such a way that it is 
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escpressed as a fusion to a peptide that has a DWi binding 
doanain* A second gene, or nuniber of genes, such as those 
f 2X301 a cDBA librairy (TARGET), is cloned so that it is 
expressed as a fusion to an activation domain. Interaction 
5 of the protein of interest with its binding partner brings 
the DN2^-binding peptide together with the activation 
domain and initiates transcription of the reporter genes. 
The first reporter gene will select for yeast cells that 
contain interacting proteins (this reporter is usually a 
10 nutritional gene required for growth on selective media) . 
The second reporter is used for confirmation and while 
being e3^>ressed in response to interacting proteins it is 
usually not required for growth. 

Xon c hann el interacting genes may also be targets for 
15 mutation in epilepsy as well as other disorders associated 
with ion channel dysfunction. A mutation in an ion channel 
interacting gene when expressed alone, or when expressed 
in combination with one or more other ion channel 
mutations or ion channel interacting gene mutations (based 
20 on the digenic model), may give rise to the disorder. The 
nature of the ion channel interacting genes and proteins ' 
can be studied such that these partners can also be 
targets for drug discovery. 

Structural studies 

Ion channel arecombinant proteins can be produced in 
bacterial, yeast, insect and/or mammalian cells and used 
in crystal lographical and mm, studies. Together with 
molecular modelling of the protein, structure -driven drug 
design can be facilitated. 

Industrial Applicability 

The mutant ion channel receptor subunits of the 
invention are useful in the diagnosis and treatment of 
35 diseases such as epilepsy and disorders associated with 
ion channel disfunction including, but not limited to, 
Isyper- or hypo-kalemic periodic paralysis, myotonias. 
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malignant h2^pert±Lermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
ParldLnson's disease, schizophrenia, hyperehplexia, 
anxiety, depression, phobic obsessive symptoms, 
5 neuropathic pain, inflannnatory pain, chronic/acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinemic hypoglycemia o£ infancy, cystic 
fibrosis, congenital stationary night blindness and total 
colour-blindness • 
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TABLE 1 



Exainples of mutations and variations identified in ion 

channel subunit genes 



Subunit 
Gene 



Exon/Intr 
on 



DNA Mutation 



Amino Acid 
Change 



SEQ 
ID 
NOS 



Sodium Channel 
Subunits 

Coding exonic variants - amino acid 
change 



SCNIA"" 

SCNIA" 
SCNIA"" 

SCNIA"" 

SCNIA""^ 
SCNIA"" 

SCNIA"" 

SCNIA" 
SCNIA'' 

SCNIA"" 

SCNIA"" 

SCNIA'' 

SCNSA"" 

SCNIB"^ 
SCNIB^ 
SCNIB'' 

SCNIB'' 

SCN2A'' 

SCN2A'' 



Exon 1 

Exon 4 
Exon 9 

Exon 20 

Exon 21 
Exon 24 

Exon 26 

Exon 26 
Exon 26 

Exon 26 

Exon 26 

Exon 26 

Exon 14 

Exon 3 
Exon 3 
Exon 3 

Exon 3 

Exon 21 

Exon 25 



cllldelC 

c563A-^T 
cl342-cl352del 

c3976G-^C 

c4057G->C 
c4556C-»T 

c4905C-->G 

C4968C-K3 
c5363-c5364ins 

C5536" 
c5539delAAAC 

c5643G--»C 

c5870A->G 

c3148G-»A 

c253C-^T 
c363C-^G 
c367G-^A 

c373C->T 

c3988C->T 

c4687C-^G 



P37fsX91 

D188V 
I448X 

A1326P 

V1353L 
P1519L 

F1635L 

11656M 
N1788fsX1796 

Sl846fsX1856 

E1881D 

E1957G 

G1050S 

R85C 
C121W 
V123I 

R125C 

L1330F 

L1563V 



1, 
135 

2, 
136 

3, 
137 

4, 
138 

5, 
139 

6, 
140 

7, 
141 

8, 

142 

9; 

143 
10, 
144 



11, 
145 

1 2 f 
146 
13, 
147 
14, 
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148 



SCN2A'' 


Exon 26 




A1822V 


15, 
149 




Exon 16 


c3199A-^G 


T1067A 






Exon 26 


c5782C->G 


R192 8G 




SCN8A*= 


Exon 14 


c307 6C->T 


R102 6C 


16, 
150 


SCNSA"^ 


Exon 1 


cl27-129delAAT 


N43del 


17, 
151 


Coding exonic variants 


- no amino acid 






change 










SCNIA'' 


Exon 15 


c2889T->C 






SCN3A'' 


Exon 13 


cl971G->A 




18 


SCNSA"" 


Exon 27 


c5511C->T 




19 


SCNIA'^ 


Exon 14 


C2522C-K3 






SCNIA'^ 


Exon 26 


c5418G->A 




20 


SCN3A^ 


Exon 13 


cl884T-^A 


— 


21 


SCN3B° 


Exon 3 


c438C-^T 


— 


22 


Non- coding 


variants 








SCNIA"" 


Intron 8 


IVS8 (-9-10)delTT 




23 


SCNIA"" 


Intron 10 


IVS10-47T-^ 




24 


SCNIA"" 


Intron 18 


IVS18+1G-^A 




25 


SCNIA"" 


Intron 22 


IVS22-14T->G 




26 


SCN8A'' 


Intron 6 


IVS6+9C-^T 




27 


SCN3A'' 


Intron 23 


IVS23-31delT 




28 


SCN8A'' 


Intron 15 


IVS15+20G^A 




29 


SCNIB'' 


Intron 1 


i:VSl+15G->T 




30 



Nicotinic Acetylclioline Receptor 
Subunits 



Coding exonic variants 
CHRNA4'' Exon 5 



CHRNA4'^ 
CHRNA4'' 

CHRNA4'' 

CHRNA4'' 

CHRJSFB2'' 

CHRNB2''^ 
CHRNB2'' 



Exon 5 
Exon 5 

Exon 5 

Exon 5 

Exon 2 

Exon 5 
Exon 5 



amino acid change 
c770T"-Kj 

c839C->T 
cl006C-^T 

cll06G->A 

C1421C--K5 

c77C^T 

c859G~>A 
c901C-»G 



I257S 

S280F 
R336C 

R369Q 

P474R 

T26M 

V287M 
L301V 



31, 

152 

32, 
153 
33, 
154 
34, 
155 
35, 
156 

36, 
157 
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CHRNB2^ Exon 5 c923T->C V308A 134, 

173 

CHRNB2^ Exon 5 cl235G-^A G412D 37, 

158 

CHRNB2*' Exon 5 cll91G-»C Q397H 38, 

159 

Coding variants - no amino 



acid change 



CHRNA4 


Exon 


5 


c978C^T 




39 


CHRNA4'' 


Exon 


5 


C1104C->T 




40 


CHRNA4'' 


Exon 


5 


cl635G->A 




41 


CHRNA4^ 


Exon 


1 


c51G-^A 




42 


CHRNA4'^ 


Exon 


5 


cl629C~^T 




43 


CHRNA4^ 


Exon 


5 


cl659G->A 




44 


CHRNB2'' 


Exon 


2 


c78G-^A 




45 


CHRJSnB2'' 


Exon 


2 


cl09C-»T 




46 


CHRNB2'' 


Exon 


5 


c825G->A 




47 


CHR1JB2'= 


Exon 


5 


cl233G->A 




48 


CHR3SrB2'' 


Exon 


6 


cl482A-^G 




49 


Non-coding 












variants 












CHRNA4*= 


Intron 


. 5 


IVS5+11C"-»T 




50 


CHRNA4'= 


Intron 


5 


IVS5+14G->A 




51 


CHRNB2^ 


Intron 


. 5 


TVS5+14G-4A 




52 



Potassium Channel 
Subunits 



Coding exonic variants - amino acid ciiange 

KCNQ3'' Exon 15 c2306C-*A P769H 53, 

160 

KCNQ2'= Exon 15 c2255C^A T752N 54, 

161 

Coding exonic variants - no amino acid 



change 



KCNQ5'' 


Exon 14 


cl869A->T 


55 


KCNQ2*= 


Exon 6 


c912C->T 


56 


KCNQ2'' 


Exon 11 


C1419C-K3 


57 


KCNQ2^ 


Exon 15 


c2154T->A 


58 


KCNQ2^ 


Exon 15 


c2460G-^A 


59 


KCNQ3'' 

• 


Exon 4 


c660T->C 


60 


KCNQ3'= 


Exon 4 


c732T->C 


61 


KCNQ3*' 


Exon 7 


cl071C--»G 


62 


Non-coding variants 
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Intron 11 



- 69 - 

IVS11+1G->A 



63 



GABA Receptor 
Subunits 

Coding exonic variants 
GABRD' Exon 5 



amino acid change 

c530A-^C E177A (E129A) 



GABRlf^ 

GABRG2" 
GABRA6'' 

GABRPi^ 

GABRE'' 

GABRD'^ 

GABRAe'^ 

GABRA5*= 

GABRA4'' 

GABRA4'' 

GABRBB^ 

GABRE'= 



Exon 6 
Exon 2 
Exon 9 
Exon 2 

Exon 2 

Exon 2 

Exon 6 

Exon 9 

Exon 5 

Exon 1 

Exon 8 

Exon lA 

Exon 2 



Coding exonic variants 
change 



c658C-^T 
c245G->A 
cll68C->T 
cl36C~»T 

c28G-^A 

cl96G->A 

c659G->A 

cl210C->T 

C235A-4C 

cl063A->G 

c (exonlA) 31C->T 

cll3A-^G+cl54G-^A 
- no amino acid 



R220C 
R82Q 

Q390X 
R46W 



(R172C) 
(R43Q) 
(Q351X) 
(R27W) 



VI OM 

G66S (G48S) 

R220H (R172H) 

P385S 

I79L (I48L) 

L2 6M ( s ignal 
peptide) 

T355A (T320A) 

PUS 
Y38C + E52K 



64, 
162 



65, 

163 

66, 

164 

67, 

165 

68, 

166 

69, 

167 

70, 

168 

71, 

169 

72, 

170 

73, 

171 

74, 

172 



GABRB3'' 


Exon 6 


c603C-^T 




75 


GABRB3'' 


Exon 7 


c783G->A 




76 


GABRB3'' 


Exon 8 


cl005C-»T 




77 


GABRB3^ 


Exon 9 


cl293G->A 




78 


GABRAl'' 


Exon 11 


cll55C->A 




79 


GABRAl"" 


Exon 11 


C1440A--K3 




80 


GABRA4' 


Exon 8 


C1095T-K: 




81 


GABRD'' 


Exon 4 


c405C->T 




82 


GABRD"" 


Exon 4 


c444C-»T 




83 


GABRA2' 


Exon 7 


c513G-»A 




84 


GABRPi'' 


Exon 2 


cl9T-^ 




85 


GABRPi*" 


Exon 2 


c5lG-^A 




86 


GABRB3^ 


Exon lA 


c (exonlA) 75C->T 




87 



wo 03/008574 



PCT/AU02/00910 



- 70 - 



GABRBl^ 


Exon 


8 


M Q / f ^ v/^ 




88 


GABRAl^ 


£xon 


4 


^ 1 C /r m v/~» 

cxddt — >U 




89 


GABRD*^ 


Exon 


4 


C J J — 




90 


GABRD*^ 


Exon 


7 


ColoC— >T 




91 


GABRD^ 


Exon 


9 


CX1U4C— >T 




92 


GABRG2^ 


Exon 


3 






93 




£1X011 


D 


c588T-^C 




Q X 


GABRA2'= 


Exon 


6 


c396G->A 




95 


GABRAe"" 


Exon 


8 


cl005G->C 




96 


GABRAS'^ 


Exon 


8 


c606T-^C 




97 


GABRAS'^ 


Exon 


10 


c975T-»C 




98 


G7^RG1*= 


Exon 


3 


C264A-K3 




99 


GABRGl'^ 


Exon 


11 


cl459G->A 




100 


GABRE"^ 


Exon 


2 


cl86G->A 




101 



GABA Receptor 
Subunits 

Non-coding variants 



GABRAl"" 


Exon 2 


c-53C-^A 




102 


GABRA2'' 


5' UTR 


C"(-9-10)delAG 




103 


GABRB2'' 


5' UTR 


c-213G-^A 




104 


GABRB2'' 


Intron 1 


IVSl-(-8-9)insT 




105 


GABRA2'' 


Intron 9 


IVS9+149G->T 




106 


GABRD"" 


Intron 4 


IVS4+45delG 




107 


GABRD"" 


Intron 6 


IVS6+92G-»T 




108 


GABRD"" 


Intron 6 


IVS6+73C-^T 




109 


GABRG3'' 


Intron 5 


IVS5+20C->T 




110 


GABRG2'' 


Intron 1 


IVS1+12C-»T 




111 


GABRBl'' 


Intron 2 


IVS2-51C-»A 




112 


GABRA5'' 


Intron 6 


IVS6+10G~>C 




113 


GABRAa"" 


Intron 


IVS5+26- 




114 




5 


29delGTCT 






GABRPi"" 


Intron 1 


IVS1-85C-»T 




115 


GABRPi'^ 


Intron 4 


IVS4-85T-»A 




116 


GABRPi^ 


Intron 7 


IVS7+8A-^C 




117 


6ABRA3'' 


Intron 3 


IVS3-(19" 




118 






20) insT 






GABRA4'' 


Intron 1 


IVSl-lOdelT 




119 


GABRA4*= 


Intron 1 


IVSl- (lo- 




120 






ll) insT 






GABRA4'' 


Intron 1 


IVSl- (lo- 




121 






ll )delTT 
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GABRA5'= 


Intron 9 


IVS9-9A-^C 




122 


GABRB2'' 


Intron 1 


rvSl-BdelT 




123 


GABRB2'' 


Intron 1 


IVSl-("8- 


- 


124 






9 ) delTT 






GABRG3'= 


Intron 1 


IVSl+llC-^T 


— 


125 


GABRBa'^ 


Intron 8 


IVS8+15A->G 




126 


gabrd"" 


Intron 1 


IVS1-17A->G 




127 


GABRD'^ 


Intron 8 


IVS8-7C^T 




128 


gabrd'^ 


Intron 8 


IVS8-14C->T 




129 


GABRB2'' 


Intron 6 


IVS6-11T^C 




130 


GABRB3'' 


Intron 3 


IVS3+13C-->A 




131 


GABRA3'' 


Intron 1 


IVSl-21-22insT 




132 


GABRB3'' 


Exon 1 


c (exonl) -43G-^A 




133 



Note: ^ Mutations or variations previously reported in publications and 
patent applications (all other mutations or variations are otherwise 
novel) ; ' Mutations or variations only occurring in individuals with 
epilepsy; ^ Variant seen only in normal control samples; ^ Mutations or 
variants seen in individuals with epilepsy as well as normal control 
sajmples. Numbers in brackets represent amino acid changes 
corresponding to numbering based on the mature protein sequence. 
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1. A method of Identifying a subject predisposed to a 
disorder associated with ion channel dysfunction, 

5 comprising ascertaining whether at least one of the genes 
encoding ion channel subunits in said subject has 
undergone a mutation event sucdi that a cDHA derived from 
said subject has the sequence set forth in one of SEQ ID 
NOS: 1-134. 

10 

2. A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
so as to produce an epilepsy phenotype in said subject. 

15 3. A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
so as to produce one or more disorders associated with ion 
channel dysfunction, including but not restricted to, 
hraer- or hypo-kalemic periodic paralysis, myotonias, 
20 malignant hyperthermia, myasthenia, cardiac arrhythmias, 

ataxia, migraine, Alzheimer's disease. 



V depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic /acute pain, 
25 Bartter's syndrome, polycystic kidney disease, I>ent"s 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness and total 
colotir-blindnes s in said subject. 

30 4. A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
so as to produce an epilepsy phenotype when expressed in 
cc»nbination with one or more additional mutations or 
variations in said ion channel subunit genes. 

35 



5. A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
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SO as to produce one or anore disorders associated witli ion 
channel dysfunction, including but not restricted to, 
hyper- or hypo-kalendc periodic paralysis, xnyotonias, 
malignant faypezthexmia, xnya^sthenia, cardiac arrhsrtfaiaias, 
5 episodic ataxia, migraine, iU.zheimer's disease, 
Parkinson's disease, schizophrenia, hypex^kplexia, 
anxiety, depression, phobic obsessive syn^toms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
10 disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness and total 
colour-blindness, when expressed in combination with one 
or more additional mutations or variations in said ion 
channel subunlt genes. 

15 

6. An isolated nucleic acid molecule encoding a mutant 
or variant ion channel subunit wherein a mutation event 
has occurred such that a cUMA derived therefrom has the 
sequence set forth in one of SEQ XD NOS: 1-134. 

20 

7. An isolated nucleic acid molecule encoding a mutant 
or variant ion channel subunit as claimed in claim 6, 
wherein said mutation event disrupts the functioning of an 
assembled ion channel so as to produce an epilepsy 

2 5 phenotype • 

8« An isolated nucleic acid molecule encoding a mutant 
or variant ion channel subunit as claimed in claim 6, 
wherein said mutation event disrupts the functioning of an 

3 0 assembled ion channel so as to produce one or more 

disorders associated with ion channel darsfunction, 
including but not restricted to, hyper- or hypo-kalemic 
periodic paralysis, myotonias, malignant hyperthermia, 
myasthenia, cardiac arrhythmias, episodic ataxia, 
35 migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive symptoms, neuropathic pain, inflammatory pain. 
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chronic/acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinexaic Ij^oglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness and total colour-blindness. 

5 

9* An isolated nucleic acid molecule encoding a mutant 
or variant ion channel subiinit as claimed in claim 6, 
wherein said mutation event disrupts the functioning of an 
assembled ion channel so as to produce an epilepsy 
10 phenotype when expressed in combination with one or more 
additional mutations or variations in said ion channel 
subunit genes. 



10. An isolated nucleic acid molecule encoding a mutant 
15 or variant ion channel subunit as claimed in claim 6, 
wherein said mutation event disrupts the functioning of an 
assembled ion channel so as to produce one or more 
disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or hypo-kalemic 

20 periodic paralysis, myotonias, malignant hyperthermia, 
myasthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive symptoms, neuropathic pain, inflammatory pain, 

25 chronic/acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycesoiia of 
infancy, cystic fibrosis, congenital stationaxry night 
blindness and total colour-blindness, when eacpressed in 
combination with one or more additional mutations or 

30 variations in said ion channel subunit genes. 



11. An isolated ziucleic acid molecule comprising any one 
of the nucleotide sequences set forth in S£Q ZD JStOSz 1- 
134. 



35 



f 
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12. An lsolat:ed nucleic acid xnolecule consisting of any 
one o£ the nucleotide sequences set foarth in SEQ ID NOS: 
1-134. 



5 13. An isolated polypeptide/ said polypeptide being a 
mutant or variant ion channel subunit wherein a mutation 
event has occurred such that the polypeptide has the amino 
acid sequence set forth in one of SEQ XD filOS: 135-173. 



10 14. An isolated polyp^tide, said polypeptide being a 
mutant or variant ion channel subunit as claimed in claim 
13, wherein said mutation event disrupts the functioning 
of an assembled ion channel so as to produce an epilepsy 
phenotype • 

15 

15. An isolated polypeptide, said polypeptide being a 
mutant or variant ion channel subunit as claimed in claim 
13, ndierein said mutation event disrupts the functioning 
of an assembled ion channel so as to produce one or more 

20 disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or faypo-kalemic 
periodic paralysis, myotonias, malignant hyperthermia, 
norasthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 

25 schizophrenia, hypereliplexia, azuciety, d^ression, phobic 
obsessive symptoms, neuropathic pain, inflammatory pain, 
chronic /acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglyceoniia of 
infancy, cystic fibrosis, congenital stationary night 

30 blindness and total colour-blindness. 

■ 

16. An isolated polypeptide, said polypeptide being a 
mutant or variant ion channel subunit as claimed in claim 
13, wherein said mutation event disrupts the functioning 
35 of an assembled ion channel so as to produce an epilepsy 
phenotype when expressed in combination with one or more 
additional mutations or variations in said ion channel 
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subunit genes'. 

17. isolated polypeptide, said polypeptide being a 

mutant or variemt ion channel subunit as claimed in claim 
5 13, wherein said mutation event disatnipts the funct idling 
of an assembled ion channel so as to produce one or more 
disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or hypo-kalemic 
periodic paralysis, myotonias, malignant hyperthermia, 

10 n^asthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive symptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter's ssrndrome, polycystic kidney 

15 disease. Dent's disease, hyper insulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness and total colour-blindness, when expressed in 
combination with one or more additional mutations or 
variations in said ion channel subunit genes. 

20 

18. An isolated polypeptide comprising any one of the 
amino acid se<3uences set forth in SKQ ID NOS: 135-173. 

19. An isolated polypeptide consisting of any one of the 
25 amino acid sequences set forth in SEQ ID NOS: 135-173. 

20. An isolated polyp^tide complex, said polypeptide 
complex being an assembled mammalian ion channel including 
an ion channel subunit comprising a polypeptide as defined 

3 0 in any one of claims 13 to 19. 

21. An expression vector comprising a nucleic acid 
molecule as defined in any one of cladLmis 6 to 12. 

35 22. A cell transformed with at least one expression 
vector as defined in claim 21. 
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23. A cell as claiaed in claim 21 transformed with two or 
more expression vectors. 



24, A cell Oi 
5 wherein the or 
one mutant 
19. 



ion channel type incorporates at least 
as defined in any one claims 13 to 



25. A cell as claimed in claim 24 comprising ion channels 
10 that incorporate two or more mutant polypeptides. 



15 



20 



26. A cell as claimed in claim 24 comprising two or more 
ion channel types each incorporating one or more mutant 
polypept ide • 



27 . A method of preparing a polypeptide, 
steps of: 

(1) culturing cells as claimed in any 
22 to 26 under 
polypeptide production; and 

(2) 



one of claims 



28. A polypeptide prepared by the method of claim 27. 

25 29. An antibody which is immunologically reactive with an 
isolated polypeptide as claimed in any one of claims 13 to 
19 or claim 28, or an isolated polypeptide conpleK as 
claimed in claim 20. 



30 30. An 
from the 



as claimed in claim 29 which is selected 
consisting of a monoclonal antibody, a 



humanised antibody, a chimeric antibody or an antibody 

a Fab fragment, (Fab') 2 fragment, Fv 
chain antibodies and single domain 



35 antibodies 
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31, A method of treating 
administering an anti2x>dy as claimed in either one of 
claims 29 or 30 to a subject in need of such treatment. 



5 32. The use of an antibody, as claimed in either one of 
claims 29 or 30, in the manufacture of a medicament for 
the treatment of epilepsy. 



33. A method of treating a disorder associated with ion 
10 channel dysfunction, including but not restricted to, 
hyper- or hypo-fcalemic periodic paralysis, myotonias, 
malignant hyperthermia, myasthenia, cardiac arrhythzaias , 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 
15 anxiety^ depression, phobic obsessive synqptoms, 
neuropathic pain, inflammatory pain, chronic /acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 
20 colour-blindness, comprising administering an antibody as 
claimed in either one of claims 29 or 30 to a subject in 
need of such treatment. 



34. The use of an antibody, as claimed in either one of 
25 claims 29 or 30, in the manufacture of a medicament for 
the treatment of a disorder associated with ion channel 
dysfunction, including but not restricted to, hyper- or 
hypo-kalemic periodic paralysis, myotonias, malignant 
hyperthermia, myasthenia, cardiac arrhythmias, episodic 
30 ataxia, migraine, Alzheimer's disease, Parkinson's 
disease, schizophrenia, hyperehplexia, anxiety, 

depression, phobic obsessive symptcnns, neuropathic pain, 
inflammatory pain, chronic /acute pain, Bartter's syndrome, 
polycystic kidney disease. Dent's disease, 

35 byperinsulinezaic hypoglycemia of infancy, cjystic fibrosis, 
congenital stationary night blindness or- total colour- 
blindness • 
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35. A method of treating epilepsy comprising 
administering a selective agonist, antagonist or modulator 
of an ion channel when it has undergone a mutation event 
5 or combination of events as defined in any one of claims 1 
to 10 or claims 13 to 17 to a subject in need of such 



36. The use of a selective agonist, antagonist or 
10 modulator of an ion channel when it has . undergone a 
mutation event as defined in any one of claims 1 to 10 or 
claims 13 to 17 in the manufacture of a medicament for the 
treatment of epilepsy. 



15 37. A method of treating a disorder associated with ion 
channel dysfunction, including but not restricted to 
hyper- or hypo-fcalemic periodic paralysis, n^tonias 



obsessive symptoms 



's 

20 Parkinson '^s disease, 

, wi^fessiou, phobic 
pain, inflammatory 
Bartter's syndrome, polycystic kidney disease, Dent"s 
disease, hyperinsulinemic hypoglytsemia of infancy, cystic 
25 fibarosis, congenital stationary night blindness or total 
colour-blindness, comprising administering a selective 
agonist, antagonist or modulator of an ion channel when it 
. has undergone a mutaticai event or combination of events as 
defined in any one of claims 1 to 10 or cladLms 13 to 17 to 
3 0 a subject in need of such treatment. 



38. The use of a selective agonist, antagonist or 
modulator of an ion channel when it has undergone a 
mutation event as claimed in any one of claims 1 to 10 or 
35 claims 13 to 17 in the manufacture of a medicament for the 
treatment of a disorder associated with ion channel 
dysfunction, including but not restricted to, hyper- or 
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hypo-kalemic periodic paxalysis# myotonias, noaligziant 
hyperthersiia, nryasthenia, cardiac arrhythmias/ episodic 
ataxia, migraine, Alzheimer's disease, Parkinson's 
disease, schizophrenia, byperekplexia, anxiety 

5 depression, phobic obsessive symptoms, aoeuropathic pain 
inflammatory pain, chronic/acute pain, Bartter's sj^ndrom© 
polycystic kidney disease. Dent ■ s disease 

typerinsulinemic hypoglyc^Eoia of infancy, cystic fibrosis 
congenital stationary night blindness or total colonr- 
10 blindness. 

39, A method of treating epilepsy comprising 
administering an isolated msA molecule which is the 
complement (antisense) of a nucleic acid molecule as 
15 claimed in any one of claims 6 to 12 and which encodes an 
Ria molecule that hybridizes with the mRSao^ encoded by a 
nucleic acid molecule as claimed in any one of claims 6 to 
12, to a subject in need of such treatment. 



20 40. The use of a D£3A molecule which is the coo^lement of 
a nucleic acid molecule as claimed in any one of claims 6 
to 12 and which encodes an rna molecule that hybridizes 
with the mRHA encoded by a nucleic acid molecule as 
claimed in any one of claims 6 to 12, in the manufacture 

25 of a medicament for the treatment of epilepsy. ' 



41. A method of treating a disorder associated with ion 
channel dysfunction, izsicluding but not restricted to, 
hyper- or hypo-kalemic periodic paralysis, norotonias, 

30 malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 
anxiety, depression, ph<d>ic obsessive symptcmus, 
neuropathic pain, inflammatory pain, chronic/acute pain, 

35 Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyper insulinemic hypoglycemia of infancy, caustic 
fibrosis, congenital stationary night blindness or total 



I 
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colour-blindness, comprising adml n1 stering an isolated 
JWK molecule whicli is tbe complement (antisense) of a 
nucleic acid molecule as claimed in any one of claims 6 to 
12 and which encodes an BJSUk molecule that hybridizes with 
5 the mRNA encoded by a nucleic acid molecule as claimed in 
any one of claims 6 to 12, to a subject in need of such 
treatment • 

42. The use of a molecule which is the complement of 

10 a nucleic acid molecule as claimed in any one of claixas 6 
to 12 and which encodes an BJSEk molecule that hybridizes 
with the mBN&. encoded by a nucleic acid molecule as 
claimed in any oixe of claims 6 to 12, in the manufacture 
of a medicament for the treatment of a disorder associated 
15 with ion channel dysfunction, including but not restricted 
to, hyper- or hypo-kalemic periodic paralysis, aorotonias, 
malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parklns(»'s disease, schizophrenia, hyperekplexia, 
20 anxiety, depression, phobic obsessive ssfxnptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 
25 colour-blindness. 

43. A method of treating epilepsy comprising 

« 

administering an antibody, as claimed in either one of 
claims 29 or 30, administration of an agonist, antagonist 

30 or modulator of an ion channel when it has undergone a 
mutation event or combination of events as defined in any 
one of claims 1 to 10 or claims 13 to 17, or 
administration of a mA molecule which is the complement 
of a nucleic acid molecule as claimed in any one of claims 

35 6 to 12 and which encodes an WSOl molecule that hybridizes 
with the mRNA encoded by a nucleic acid molecule as 
claimed in any one of claims 6 to 12, in combination with 



wo 03/008574 PCT/AU02/00910 

- 86 - 

administration o£ the wild- type ion channel stibunit, to a 
subject in need of such treatment. 

44. The use of an antibody, as claijoed in daiins 29 or 
30, use of an agonist, antagonist or modulator of an ion 
channel when it has undergone a mutation event or 
combination of events as defined in any one of claims 1 to 
10 or claims 13 to 17, or use of a Dim. molecule which is 
the complement of a nucleic acid molecule as claimed in 
any one of claims 6 to 12 and which encodes an BSSOi, 
molecule that hybridizes with the mRNA. encoded by a 
nucleic acid molecule as claimed in any one of claims 6 to 
12, in combination with the use of the wild-type ion 
channel subunit, in the manufacture of a medicament for 
the treatment of epilepsy. 

45. A method of treating a disorder associated with ion 
channel dysfunction, including but not restricted to, 
hyp&x- or hypo-kalemic periodic paralysis, myotonias, 

20 malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 
anxiety, deparession, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 

25 Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 
colour-blindness, comprising administering an antibody, 
as claimed in either one of claims 29 or 30, 

30 administration of an agonist, antagonist or modulator of 
an ion channel when it has undergone a mutation event or 
combination of events as defined in any one of claims 1 to 
10 or claims 13 to 17, or administration of a SNA molecule 
which is the complement of a nucleic acid molecule as 

35 claimed in any one of claims 6 to 12 and which encodes an 
RNA molecule that hybridizes with the mHNA encoded by a 
nucleic acid molecule as claimed in any one of claims 6 to 



10 



15 
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12, in combination with, administration of the wild-type 
ion channel subunit, to a subject in need of such 
treatment. 

5 46. a*he use of an antibody, as claimed in claims 29 or 
30, use of an agonist, antagonist or modulator of an ion 
channel when it has undergone a mutation event or 
combination of events as defined in any one of claims 1 to 
10 or claims 13 to 17, or use of a JWl molecule which is 
10 the complement of a nucleic acid molecule as claimed in 
any one of claims 6 to 12 and which encodes an RMA. 
molecule that hybridizes with the mRNA. encoded by a 
nucleic acid molecule as claimed in any one of claims 6 to 
12, in combination with the use of the wild- type ion 
15 channel subunit, in the manufacture of a medicament for 
the tareatment of a disorder associated with ion channel 
dysfunction, including but not restricted to, hyper- or 
hypo-fcalemic periodic paralysis, myotonias, malignant 
hyperthermia, n^sthenia, cardiac arrhythmias, episodic 
20 at:axia, migraine, Alzheimer's disease, Parkinson's 
disease, schizpphrenia, hyperekplexia, anxiety, 

depression, phobic obsessive symptoms, neuropathic pain, 
inflammatory pain, chronic/acute pain, Bartter's syndrome, 
polycystic kidn^ disease. Dent's disease, 

25 hyper insulinemic hypoglycemia of infancy, cystic fibrosis, 
congenital stationary night blindness or total colour- 
blindness • 

47. Use of a nucleic acid molecule as claimed in any one 
30 of claims 6 to 12 for the screening of candidate 

pharmaceutical agents* 

48. Use of a nucleic acid molecule as claimed in any one 
of claims 6 to 12 for the screening of candidate 

35 pharmaceutical agents useful for the treatment of 
epilepsy. 
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49. Use of a nucleic acid niolecule as claimed in any one- 
of claims S to 12 for the screening of csmdidate 
pliarmaceutical agents useful for the treatment of a 
disorder associated with ion channel dysfunction, 

5 including but not restricted to, hyper- or hypo-kalemic 
periodic paralysis, nyotoxiias, malignant hyperthermia, 
myasthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
10 obsessive symptoms, neuropathic pain, inflammatory pain, 
chronic /acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyper insulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness. 

15 

50. tJse of a polypeptide as claimed in any one of claims 
13 to 19 or claim 28, or a polypeptide cooooplex as claimed 
in claim 20 for the screening of candidate pharmaceutical 
agents • 

20 

51. Use of a polypeptide as claimed in any one of claims 
13 to 19 or claim 28, or a polypeptide coxQplex as claisDoed 
in claim 20 for the screening of candidate pharmaceutical 
agents useful for the treatment of epilepsy. 

25 

52. Use of a polypeptide as claimed in any one of claims 
13 to 19 or claim 28, or a polypeptide complex as claimed 
in claim 20 for the screening of candidate pharmaceutical 
agents useful for the treatment of a disorder associated 

30 with ion channel dysfunction, including but not restricted 
to, hyper- or hypo-kalemic periodic paralysis, msrotonias, 
malignant hyperthescmia, myasthezxia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson' s disease, schizophrenia, hyper ekplexia, 

35 anxiety, depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 
Bartter's sirndrome, polycystic kidney disease. Dent's 
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disease # byperinsulinemic hypoglycesLia of infancy # cystic 
fibrosis, congenital stationary night blindness or total 
colour-blindness • 

5 53. Use of a cell as claizned in any one of claims 22 to 
26 for the screening of candidate pharmaceutical agents. 

54. Use of a cell as claimed in any one of claims 22 to 
26 for the scaceening of candidate pharmaceutical agents 
10 useful for the treatment of epil^sy. 

55 • Use of a cell as claimed in any one of claims 22 to 
26 for the screening of candidate pharmaceutical agents 
useful for the treatment of a disozrder associated with ion 

15 channel dysfunction, including but not restricted to, 
hyper- or hypo-kalemic periodic paralysis, myotonias, 
malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperelsplexia, 

20 anxiety, depression, phobic obsessive syzqptoms, 
neuropathic pain, inf lammatoiry pain, chronic/acute pain, 
Bartter's syndxrome, polycystic kidney disease. Dent's 
disease, hyperinsulineomic hypoglycemia of infancy# cystic 
fibrosis, congenital stationary night blindness or total 

25 colour-blindness. 

56. A compound when idenjbified through a use as claimed 
in any one of claims 47 to 56. 

30 57. A pharmaceutical composition comprising a cooaapound as 
claimed in claim 56 and a pharmaceutically acceptable 
carrier.. 

58. A genetically modified non-human animal transformed 
35 with an isolated nucleic acid molecule as defined in any 
one of claims 6 to 12. 
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BS. A genetically modified, non- human animal which has 
been transformed with two or more isolated nucleic acid 
molecules as claimed in any one of claims 6 to 12. 

60 • A genetically modified non-human animal as claimed in 
either one of claims 58 or 5S in which the animal is 
selected from the group consisting of rats, mice, 
hamsters, guinea pigs, rabbits, dogs, cats, goats, sheep, 
pigs and non-human primates such as monkeys and 
chimpanzees • 

61. A method of paroducing a non-human transgenic animal 
containing a conibination of two or more ion channel 
mutations, comprising the steps of: 

(1) creating a non-human transgenic animal 
comprising a first nucleic acid molecule as 
claimed in ax^ one of claims 6 to 12; 

(2) creating one or more additional nrai-human, 
transgenic animals coxqprising a second nucleic 
acid molecule as claimed in any one of claims 6 
to 12; and 

(3) conducting mating combinations so as to produce 
progeny containing combinations of two or more 
ion channel mutations which effectively mimic 
combinations of ion channel mutations 
responsible for human disease. 

62. A non-human, transgenic animal produced by the 
process of claim 61. 

30 

63. The use of a genetically modified non- human animal as 
claimed in any one of claims 58 to 60 or a non-human 
transgenic animal as claimed in claim 62 in the screening 
of candidate pharmaceutical coanpounds. 

35 

64. The use of a genetically modified non-human aziimal as 
claimed in any one of claims 58 to 60 or a non-hmnan 
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transgenic aTiimnl as cladLmed in claim 62 in the scre e ning 
of candidate pharmaceutical conrpounds useful in the 
treatment of epilepsy. 

65. The use of a genetically modified non-human animal as 
claimed in any one of claims 58 to 60 or a non-human 
transgenic animal as claimed in claim 62 in the screening 
of candidate pharmaceutical compounds useful in the 
treatment of a disoacder associated with ion channel 
dysfunction, including but not restricted to, hyper- or 
hypo-kalemic periodic paralysis, myotonias, malignant 
hyperthermia, myasthenia, cardiac arrhythmias, episodic 
ataxia, migraine, Alzheimer's disease, Parkinson's 
disease, schizophrenia, hyperekplexia, anxiety, 

depression, phobic obsessive syn^toms, neuropathic pain, 
inflammatory pain, chronic/acute pain, Bartter's syndrome, 
polycystic kidney disease. Dent's disease, 

hyperinsulinemic hypoglycemia of infancy, cystic fibrosis, 
congenital stationary night blindness or total colour- 
blindness • 

66. The use of an isolated nucleic acid molecule as 
claimed in any one of claims 6 to 12 for the diagnosis of 
epilepsy. 

25 

67. The use of an isolated nucleic acid ZDolecule as 
claimed in any one of claims 6 to 12 for the diagnosis of 
a disorder associated with ion channel ds^sfunction, 
including but not restricted to, hyper- or hypo-kalemic 

3 0 periodic paralysis, myotonias, malignant hypescthermia, 
myasthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease^ Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive syn^toms, neuropathic pain, inflammatory pain, 

35 chronic/acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 
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infancy, cystic fibrosis, congenital stationaxy night 
blindnass or total colour-blindness. 

68. The use of a polypeptide as defined in any one of 
5 claims 13 to 17 or claim 28, or polypeptide complex as 

claimed in claim 20 in the diagnosis of epil^sy. 

69. The use of a polypeptide as defined in any one of 
claims 13 to 17 or claim 28, or polypeptide cauplex as 

10 claimed in claim 20 in the diagnosis of a disorder 
associated with ion channel dysfunction, including but not 
restricted to, hyper- or hypo-kalemic periodic paralysis, 

ia, cardiac 

, episodic ataxia, migraine, Alzheimer's 
15 disease, Parkinson's disease, schizophrenia, 

hyperekplexia, anxiety, depression, phobic obsessive 
^rmptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter's ssrndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglyceonia of 
20 infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness. 

70 . a?he use of an antibody as claimed in either one of 
claims 29 or 30 in the diagnosis of epilepsy. 

25 

71. The use of an antibody as claimed in either one of 
claims 29 or 30 in the diagnosis of a disorder associated 
with ion channel ^sfunction, including but not restricted 
to, hyper- or hypo-fcalemio periodic paralysis, iqyotonias 

30 malignant lyiDerthermia, myasthenia, cardiac arrhythmias 
^isodic ataxia, migraine, Alzheimer's disease 
Parkinson's disease, schizc^hrenia, hyperekplexia 
anxiety, d^ression, phobic obsessive sy]iQ>toms 
neuropathic pain, inflammatory pain, chronic/acute pain 

35 Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
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fibrosis, congenital stationary night blindness or total 
colour-blindness • 

71. A XDethod for the diagnosis of epilepsy coinprising the 
5 steps of: 

(1) obtaining DNA from a subject; and 

(2) comparing the TXSOl of one or more subunits of ion 
channels from said subject to the DUSK of the 
corresponding native subunits; 

10 wherein identification of one or more DiaA molecules as 

claimed in any one of claims 6 to 12 is an indication of 
epilepsy, or a predisposition thereto. 

72. A method for the diagnosis of a disorder associated 
15 with ion channel dysfmxction, including but not restricted 

to, hyper- or hypo-kalemic periodic paralysis, myotonias, 
malignant hypeartheazmia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hypereftplexia, 

20 anxiety, depression, phobic obsessive syn^tcms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
disesuse, hyperinsulinemic hypoglycemia of Infancy, cystic 
fibrosis, congenital stationary night blindness or total 

25 colour-blindness, comprising the steps of: 

(1) obtaining JXSE^ from a subject; and 

(2) comparing the X3NA of one or more subunits of ion 
channels fr^m said subject to the DNA of the 
corresponding native subunits; 

30 wherein identification of one or more DX3A molecules 

as claimed in any one of claims 6 to 12 is an indication 
of the disorder, or a predisposition thereto. 

73. A method as claimed in either one of claims 71 or 72 
35 wherein each HHA fragment is sequenced and the sequences 
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74. A method as claimed in 
wherein the ma. fragments are 



one of claims 71 or 72 
subjected to restriction 



5 75. A method as claimed in either one of claims 71 or 72 
wherein the DN& fragments are subjected to S8CB analysis. 



76. An isolated nucleic acid molecule encoding a mitant 
subunit of a mammalian nicotinic acetylcholine receptor 
(nAChR) , • wherein a mutation event selected from the group 
consisting of point unitatioins, deletions, insertions and 
rearrangements has occurred in the nucleotides outside of 
the M2 domain of the subunit of said mammalian nicotinic 
acetylcholine receptor, so as to produce an epilepsy 



10 



15 phenotype 



77. An isolated nucleic acid molecule encoding a mutant 
subunit of a mammalian nicotinic acetylcholine receptor 
(nAChR) , wherein a mutation event selected from the group 
20 consisting of point mutations, deletions, insertions and 
rearrangements has occurred in the nucleotides outside of 
the mz domain of the subunit of said mammalian nicotinic 
acetylcholine receptor, so as to produce a disorder 
associated with ion channel dysfunction, including but not 
25 restricted to, hyper- or bypo-kalesBilc periodic paralysis, 
myotonias, malignant hyperthermia, xnyasthenia, cardiac 
arrhythmias, episodic 

Parkinson '^s aisease, scnizopnrenia, 

.a, anxiety, depression, phobic obsessive 
30 symptoms, neuropathic pain, inflanmatoacy pain, 
chronic/acute pain, Baactter's syndrcnae, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 
i nfan cy, cystic fibrosis, congenital stationasry night 
blindness or total colour-blindness* ^ 

35 
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78. Aa isolated 

claizas 16 ox 71 wherein said snztant subunit 



in either one of 
is the CHB£I&4 



5 79. An isolated nucleic acid as claimed in claim 78 
wherein said mutation event takes place in exon 5. 

80. An isolated nucleic acid as claimed in claim 79 
wherein said mutation event is selected from the groi:^ 

10 consisting of a C to T nucleotide substitution at position 
1006, a G to A nucleotide substitution at position 1106 
and a C to 6 nucleotide substitution at position 1421. 

81. An isolated nucleic acid as claimed in either one of 
15 claims 76 or 77 wherein said mutant subunit is the CHBNB2 

subunit • 

82. An isolated nucleic acid as claimed in claim 81 

wherein said mutation event takes place in escon 2 or eacon 
20 5* 



83. An isolated nucleic acid as claimed in claim 82 
wherein said mutation event is selected from the group 
consisting of a C to T nucleotide substitution at position 
25 77, a C to 6 nucleotide substitution at position 901, a T 
to C nucleotide substitution at position 923 and a G to A 

* 

nucleotide substitution at position 1235. 



84. An isolated polyp^tide, said polypeptide being a 
30 mutant subunit of a mammalian nicotinic acetylcholine 

reciter (nAChR), wherein a mutation event selected from 
the group c<»isisting of substitutions, deletions, 
insertions and rearrangements has occurred outside of the 
M2 domain, so as to produce an ^ilepsy phenotype. 

35 

85, An isolated polypeptide, said polypeptide being a 
mutant subunit of a mammalian nicotinic acetylcdioline 
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receptor CnAChR), wherein a imitation event selected from 
the group consisting of substitutions, deletions, 
insertions and rearrangements has occurred outside of the 
M2 domain, so as to produce a disorder associated with ion 
5 channel dsrsfunction, including but not restricted to 
hyper- or hypo-kalemic periodic paralysis, i^yotonias 
malignant hyperthermia, myasthenia, cardiac arrhythmias 
episodic ataxia, migraine, Alzheimer's disease 



s 





10 azBciaty, depression, phobic obsessive synvtoms 
neuropathic pain, inflammatory pain, chronic /acute pain. 
Bartter's syndrome, polycystic kidn^ disease. Dent's 
disease, hyper insulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 

1 5 colour-blindness . 

86. An isolated polypeptide as claimed in either one of 
claims 84 or 85 wherein said mutant subunit is the CHIU1A4 
subonit. 

20 

87. An isolated polypeptide as claimed in claim 86 
wherein said mutation event takes place in the 
intracellular loc^ of the QHBNkA subunit. 

25 88. An isolated polypeptide as claimed in claim 86 
whearein said mutation event is selected from the group 
consisting of an R336C mutation, R369Q mutation and P474R 
mutation. 

30 89. An isolated polypeptide as claimed in either one of 
claims 84 or 85 vdierein said mutant subunit is the CHRMB2 
subunit. 



90. An isolated polypeptide as claimed in claim 89 
wherein said mutation event takes place in the signal 
sequence. 
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91. An isolated polypeptide as claimed in claim 90 
wherein said mutation event is a T26M substitution. 

« 

92. An Isolated polypeptide as claimed in claim 89 
5 wherein said mutation event takes place in the M3 domain. 



93* An isolated polypeptide as claimed in claim 92 
wherein said mutation event is an L301V substitution or a 
V308A substitution. 

* 

9d. An isolated polypeptide as claimed in claim 89 
wherein said mutation event takes place in the 
intracellular loop of CIIRNB2. 



15 95. An isolated pol3^eptide as claimed in claim 94 
wherein' said mutation event is a G412D substitution. 



1. 
> 



wo 03/008574 PCT/AU02/00910 

1/3 

Figure 1 



A 



B 




iQE: Outbred Population 
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IGE: Inbred Population 



D 




IGE: Autosomal Dominant 
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Observfltioiu where certain claims were found onseajnchable (Contlniuition of ttem 2 of flrst sheeQ 



This international seaich lepoxt has not been established in respect of certain claims nnder Article 17(2Xa) for iie fiillowinig 
reasons: 



1. 



I I Claims Nos: 

because ikey relate to subject matto not required to be searched by Ifais Autihodty, namdy: 



2. 



□ 



Claims Nos : 

because tiiey relate to parts of the international application that do not comply 'wilh tiie prescribed requirements to 
such an extent that no meaningful inteniational search can be cazried out^ spocifically: 



3. [ I ClainosNos: 

because they are dependent claims and are not draited in accordance mth the second and third sentences of Rule 
6.4(a) 

^ 

Box n Observations where unity of invention is lacking (Continiiation of item 3 of first sheet) ' 



This hitemational Searching Authority found multiple inventions in this international q>plication, as follows: 
SEQ ID Nos 1-134 constitute 13 different inventions, accozding to current practice. 

The applicant on invitation has identified as the first mvention the following ten sequences:S£Q ID Nos 2-5, 64-67, 
36 and 134. 



i. 



2. 



3. 



I I As all required additional search fees Wero timely paiH hy fhe stppUcsmi^ tfiis mtgrmrfirmal iMam^i vKpctrt Mvm yll 

searchable claims 

I I As all searchable clainas could be searched without efifort justi^ong an additional fee, this Audioiity did not imdte 
payment of any additional fee. 

I I As only some of flie required additianal search fees timftly paid by tbe applicant^ fliis mtemgrin nfll Reareh 

report covers only diose claims for which fees were paid, specifically claims Nos.: 



4. 



X 



No required additional search fees were thnely paid by the appli^ Consequently, this inteniational search report 
is restricted to flie invention first mBntumed in flie clains; it is covered by claims Nos,;RelatBd to SEQ ID Nos as 
above. See Snf^lcmental Box 
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I j The additional seaich fees were aoconq>anied by tixe i^licanf s protest 
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Contliuiation of Box No:n 

The iirternatianal application does not comply with the requiremeots of unity of invention because it does not rdate to 
one inviention or to a groitp of inventions so linked as to form a single general inventive cancq>t The fim 
for unify of invention is specified in Rule 13.2 of the Regulations under the PCT. 



11^1 



"Where a group of inventions is claimed in one and the same international application, Ihe requirement of unity of 
invention referred in Rule 13.1 ^hall be fulfilled only where tiiere is a technical relationship among those inventions 
involving one or more of the same or oorre^Mmding special technical features. The expression "special technical 
feature** shall mean those technical features that define a contnbution vAiidh each of the claimed niventicxis, 
considered as a whole, make over the prior art.'* 



The pzoblan addressed by the present qyplication is the identification of molecular changes in ion channel 
subunits to duddate genetic variants that alone or in combination give rise to an epilepsy phenotype, and to 
other neuio/physiological disorders associated with ion channel dysfunction. The solution provided by the 
claims resides in the use of 134 polynucleotide sequences and 39 polypeptide sequences. These sequences fill 
within the following eleven groups: 

1 . Sodium channel subunit SCN_A 

1 

2. Sodium channel subunit SCN_B 

3. Mcotine acetylcholine receptor subunit CHRNA_ 

4. Nicotine acetylcholine receptor subunit CHRNB_ 

5. Potassium chaimel subunit KCNQ 

6-11. GAB A receptor subunits QABRA; GABRB; GABRD; GABRE; GABRG; GABKP. 
The genend concept underlying the present plication spears to reside in the nucleic acid molecules 
encoding a mutant or variant ion channel subunit Howev^, the admitted pdor art acknowledges that such 
nucleic add molecules encoding the proteins and the proteins p^ se are known. FurCher, that the mutations in 
ion channels have previously been recognised and the activity of these molecules is Unked to diseases such as 
epilepsy, the subject matter of the presoit invention (see page 46; Exanxple 1 of instant qyplication). 

The molecules do share the feature of being exanq)les of mutations and variations m ion channel subunit 
genes. However, these molecules can only be considered to constitute a spedal technical fisatuie if these 
molecules, considered as a single group, make a substantial contribution ov&l the prior art Th&e is nothing m 
the instant plication to indicate that tiie isolation of the molecules encoding a mutant or variant in ion 
channel subunit is inventive. As discussed earlier, the mutations in ion channels have been disclosed and 
tau^ in file art, includmg disclosures in the following selection of documents: 

AU-B-56247/96 (and other related documents cited in Bxan^le 1, page 46 of present qjplication) 
Nature Genetics 19, pp 366-370 (1998) Wallace et al Tebrile seizures and generalized epilepsy 
assodated with a mutation in the Na+ channel pi subunit gene SCNIB". 

Am J Hum Genet 68, pp 859-865 (Mar 2001) Wallace et al ''Neuronal sodium channel al-subunit 
mutations in generalized epilepsy with febrile seizures plus". 
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Human genetics 103, pp 645-53 (1998) Rempel et al 'The structures of the human neunmal nicotmic 
acetylcholine leceptor b2 and a3 subunit genes (CHBNB2 and C3IKNA3). 

These documents disclose not only mutations and variants of the molecules of the present invention 
but also their biological functions as ion channels and whether such mutations are associ^ed witti 
diseases such as q)ilepsy. Further, the spedfic mutations or variants of the present mvention do not 
possess any advantage, produce any unexpected result or overcome any difiSculty over the prior art 

Since there is no obvious special technical feature, it is appropriate to use flie Maikush ^oach to 
analyse the present set of claims. Claims 1, 6 and 13 in particular define alternatives, m a so-called 
Madaish style of drafting. The application of the test for Maikush claims gives the following result: 

(A) the common property is molecules encoding mutants or variants ion channel subunits; 

(B) (1) no common structure is evident &om the disclosure of sequences 1-134; 

(B)(2) there is no single recognised class of compounds ombradng all of the molecules, as the 
nucleic add molecules ^pear to belong to different classes, eg, SCNIA, SCNIB, CHRNA etc 
subunits, each canying out diiBferent biological functions. 

It is contrary to normal classification practice to group together such dififerent molecules. The 
molecules can be grouped into 1 1 classes as indicated above, representing 1 1 diflGsrent inventions. 

Moreover, not all of these 1 1 diflFerant mventions can be searched without significant additional effort 

As a service to the applicant, multiple inventions, as specified by the q)p]icant, wiU be searched for a 

single search fee with the proviso that the total number of nucleic add sequences or proteins 

associated with the combination of inventions is no greater than 10. Examples of such con&binations 

which would be acceptable as these contain no more than 1 0 molecules would be (with reference to 

Table 1 of tiie present application): 

SCN_A; SEQ ID Nos 1-10; 

SCN^A and SCN^B; SEQ ID Nos 11-20; 

SCN_A and SCN.B; SEQ ID Nos 21-30; 

C3aRNA_ and CHRN_jB; SEQ ID Nos 3 1^, etc. 

This offer is independent of unity consideration and is provided solely as a service to the s^jplicant 
Ihctaded in any such search fee would be the polypeptide encoded by the nucleic acid molecules. All 
of the 134 nucldc add sequences would be searched for the payment of 12 additional search fees. 

For the initial search fee the following inventions will be seardied: 

SCUji; SEQ ID Nos 1-10, 
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